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A method of hydrologie soil classification was 
developed for an area of rocky upland desert soils on a 
fault-block ridge at Yucca Mountain, Nevada, located at 
the southern edge of the Great Basin physiographic 
province. A Genesis-Lithology-Qualifier (GLQ) map was 
prepared based on the classification of geomorphic 
characteristics and soil physical properties which 
influence infiltration capacity. Map-unit soils were 
sampled for grain-size distribution (texture), total-soil 
bulk density, fine-soil bulk density, rock-fragment bulk 
density and porosity, slope, aspect, and slope position. A 
nuclear density g a g e , and two irregular-hole bulk-density 
sampling methods were compared.
Relationships between physical-property variables and 
geomorphic environments were evaluated using correlation 
and analysis-of-variance techniques. Statistical analyses 
indicate that : 1) irregular-hole bulk-density sampling 
methods and nuclear density gage techniques yield different 
results; 2) fine-soil bulk-density is related to slope 
position? and 3) soil texture is more closely related to 
soil genesis process than any other single geomorphic 
variable. The bead-cone irregular-hole bulk-density
iii
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sampler method is considered the most accurate given the 
study-area conditions.
The GLQ map is intended for use as ground truth for 
remote sensing using Multi-Spectral Scanner (MSS) and 
Thematic Mapper (TM) data, and as an aid in the site 
selection for infiltration experiments. The mapped soils 
are classified into a residuum unit, colluvial (creep) 
u n i t , colluvial (creep-talus) unit, and a slide (flow) 
unit. Textural variables of surficial soils are found, in 
most cases, to be statistically distinct among the final 
map unit soils. An estimation of saturated hydraulic 
conductivity based on mean silt and clay contents of the 
surficial soils of the four GLQ units shows a range of 
1.93- to 2.11-cm/hr. These values, however, may not be 
significantly different. Characteristic soil horizon 
sequences are identified for each GLQ map unit, including a 
well-cemented caliche horizon in the slide (flow) unit, 
well-developed illuviation in the residuum unit, and a 
statistically high mean surficial cobble count in the 
colluvial (creep-talus) u n i t .
Because of the statistical distinction of textural 
variables among the soil map units and the characteristic 
soil horizonation of each soil map unit, the GLQ map may be 
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Yucca Mountain, Nevada is one of three sites being 
considered by the U.S. Department of Energy as the Nation's 
first geologic repository for high-level nuclear waste.
The study of Yucca Mountain and the surrounding area is a 
part of the Nevada Nuclear Waste Storage Investigations 
(NNWSI) project being conducted in cooperation with the 
U.S. Department of Energy, Nevada Operations Office.
The potential for infiltration of precipitation and 
subsequent flow through underground repository workings, in 
which the radioactive waste would reside, is part of the 
concern about the suitability of the Yucca Mountain 
repository site. The repository would be constructed in 
the thick unsaturated zone beneath Yucca Mountain. If 
leakage occurs in the repository, the radioactive 
contamination may be carried to the saturated zone by 
meteoric water, or gas phase flow may transport 
contamination upward.
The upland areas of Yucca Mountain and adjacent 
volcanic tuff ridges are covered with a veneer of 
unconsolidated rocky soils which may impede or enhance 
infiltration. The actual infiltration rate is controlled by 
the amount of water available at the soil surface (rainfall
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intensity) , the nature of the soil surface (texture and 
steepness), and the ability of the soil to conduct 
infiltrated water downward from the soil surface 
(subsurface conditions). Rock fragments are present in 
Yucca Mountain soils and may have a significant influence 
on infiltration, runoff, and moisture storage.
Purpose and Scope 
The purpose of this research was to evaluate the 
Genesis-Lithology-Qualifier (GLQ) mapping method for 
classifying geomorphic process/response systems and the 
physical properties of soils that influence hydrologie 
characteristics at Yucca Mountain, Nevada. The GLQ system 
was evaluated as an alternative to other soil mapping 
methods such as that used by the U.S. Department of 
Agriculture Soil Conservation Service (USDA, Soil 
Conservation Service, 1985). The GLQ method was tested 
because of several advantages : (1) a focus on genesis and 
lithology rather than pedogenic processes; (2) a rapid and 
efficient method to use in the field; (3) an easily 
adaptable method for photointerpretation. Pedogenesis is 
one geomorphic process; however, the GLQ method integrates 
other geomorphic processes such as earth flows and talus 
deposition that may be more important in arid climates.
ER-3351 3
The overall objective was to estimate the potential 
range of infiltration capacities of surficial soils, and to 
delineate areas of potentially distinct relative 
infiltration capacity. Because of the difficulty and 
expense of field-scale infiltration experiments, in which 
infiltration is directly measured, this study was 
undertaken to obtain preliminary estimates and distribution 
of potential infiltration rates. The results are intended 
for use in the planning of infiltration experiments and as 
a training map for remote sensing studies.
The technical approach was focused on relationships 
among geomorphic process/response systems and soil physical 
properties that influence hydrologie characteristics. Soil 
physical properties were measured, and the data were 
statistically related to the geomorphic (GLQ) map units.
A representative wash/ridge system on the central 
block of Yucca Mountain was selected for the field study. 
The soil physical properties measured include grain-size 
distribution, density, and moisture content. Because high 
volumetric rock-fragment content affects soil hydrology, 
the soil properties were partitioned into the properties of 
the rock fragments (>2imn diameter) and fine soil (<2mm 
diameter). Thicknesses of the soil deposits and variation 
of grain-size distribution with depth also were measured.
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Geomorphic characteristics were evaluated, including 
landforms, degree of slope, slope aspect, dominant 
depositional and transport processes, flora, and material 
sources.
Study Area Location
Yucca Mountain is located approximately 105 
kilometers northwest of Las Vegas, Nevada, at the western 
edge of the Nevada Test Site and the northeast flank of the 
Amargosa Desert (Fig. 1). This area is in the southern 
part of the Great Basin physiographic province.
The study area is one of a series of subparallel 
washes on the east slope of Yucca Mountain; a part of the 
fault scarp on the west flank of Yucca mountain is included 
in the study area (Fig. 2). The map location is T13S,
R49E, however, a section location is not available because 
the Busted Butte Quadrangle has not been sectioned. The 
map area of the field site is approximately 0.8 of a square 
kilometer.
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The climate of the Yucca Mountain area is arid; 
average annual precipitation is estimated to be about 150 
mm/yr (Montazer and Wilson, 1984). No perennial streams 
exist in the Yucca Mountain a r e a . Surface runoff is 
infrequent and of short duration; runoff occurs as a direct 
result of repeated or intense precipitation or rapid 
snowmelt .
Yucca Mountain consists of a series of north- 
trending, fault-block ridges composed of welded and 
nonwelded volcanic rocks that have an eastward dip of 
approximately 5 to 10 degrees (Scott and Bonk, 1984). The 
central block is transected by a few normal faults, and is 
bounded on the east and west by steeply-dipping faults or 
fault zones. The geology of Yucca Mountain has been mapped 
in detail by Scott and Bonk (1984).
Bedrock hydrogeologic units, consisting of 
vitrophyres and moderately- to densely-welded, devitrified 
tuffs, alternate with hydrogeologic units consisting of 
nonwelded to partially-welded tuffs and bedded tuffs (Table 
1). The bedrock-hydrogeologic units of principal interest 
in the infiltration studies at Yucca Mountain are the Tiva
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Table 1. Summary of stratigraphie and hydrogeologic units
at Yucca Mountain, Nevada 
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Canyon welded unit. Paintbrush nonwelded unit, and Topopah 
Spring welded unit (Montazer and Wilson, 1984); these units 
comprise a part of the Miocene-aged Paintbrush Tuff. The 
thickness of the unsaturated zone is approximately 500 to 
750 meters (Montazer and Wilson, 1984).
All of the hydrogeologic units (Table 1), are 
observed at the fault scarp in the west part of the field
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ar e a . The tuff units dip into the slope (eastwardly) and 
are covered partially with varying thicknesses of 
unconsolidated alluvium, colluvium and eolian materials.
The bedrock in the east-facing wash is comprised of 
the Tiva Canyon welded tuff unit. This unit is the 
uppermost stratigraphie layer that underlies most of Yucca 
Mountain and dips eastwardly. The resulting geomorphic 
feature at the study area is a relatively planar, eastward- 
sloping, dissected land surface.
The Tiva Canyon Member has been divided into zones 
(Scott and Bonk, 1984); four of these zones occur in the 
east-facing wash and are used in this study as bedrock 
units (Table 2). These zones are listed in stratigraphie 
order of occurence; contacts between zones generally follow 
topographic contours.
Yucca Mountain Soils
The U.S. Department of Agriculture Soil Conservation 
Service is preparing for publication a map and report 
describing the pedology of a part of Yucca Mountain (U.S. 
Department of Agriculture, 1986). The upland area of Yucca 
Mountain is mapped as the Zalda-Greyeagle-Upspring 
Association, and pedological descriptions of those soil 
series are available (USDA, SCS 1986). These soil units
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Table 2. Selected lithologie zones of the Tiva Canyon
Member
(from Scott and Bonk, 1984)
Zone Thickness General Lithology
(m)
Caprock Zone 25 + Moderately to densely welded, 
includes pumice and sparse 
lithophysae.
Upper Cliff 0-11 Moderately to densely welded, 
devitrified, rhyolitic, includes 
pumice and sparse lithophysae.
Upper Lithophysal 5-35 Moderately welded, devitrified, 
rhyolitic, includes pumice and 
abundant lithophysae.
Clinkstone 0-55 Moderately welded, devitrified, 
rhyolitic, sparse or no 
lithophysae.
are described as gravelly to very gravelly sandy loam with 
loamy skeletal inclusions.
Other soil studies are currently being conducted at 
Yucca Mountain as part of the NNWSI project (Hammermeister 
and Flint, 1987). These studies include remote sensing and 
simulated rainfall with subsurface instrumentation.
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SOIL PHYSICAL PROPERTIES AND INFILTRATION
Soil Physical Properties 
Soil texture, also called gradation, or grain-size 
distribution, is defined as the mass proportions of various 
particle sizes. A grain-size analysis can be divided into 
textural fractions or separates, such as sand, silt and 
clay. The ranges of grain sizes for these textural classes 
are based generally on physical and chemical properties.
Fine soil material is generally defined as particles 
smaller than 2 mm in diameter. Larger particles are 
classified as gravel, cobbles, stones and boulders. Soils 
with a rock fragment content greater than 35 percent are 
classified as skeletal soils (USDA, 1975); these soils 
occur commonly in the study a r e a .
Sand grains usually consist of quartz or other 
minerals that are resistant to weathering. Silt particles 
are intermediate in size between sand and clay. They are 
mineralogically similar to sand, but have far more surface 
area per unit mass, and are often coated with strongly 
adhérant clay.
Clay particles are characteristically platelike or 
needlelike in shape and generally are composed of secondary 
aluminosilicate clay minerals ; however, some clay-size
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particles are composed of finely divided particles of soil 
parent minerals. Compared to sand and silt, clay fractions 
have a larger specific surface and, therefore, have a 
greater effect on the physical and chemical behavior of 
soil. Clay particles adsorb water and certain clay 
minerals cause the soil to swell and shrink upon wetting 
and drying (Grim, 1953).
Soil bulk density is most often expressed as dry bulk 
density (excluding water mass), and is defined as a 
mass/volume ratio:
where py is soil bulk density, M s is the mass of the
solids, and is the total in-situ volume of the soil
sample, including solids and pores (Hillel, 1982). The 
bulk density of a soil is affected by the structure of the 
soil that includes the looseness or degree of compaction, 
and cracks caused by the swelling and shrinking of clays 
(caused by alternate wetting and drying).
Texture affects compaction properties and therefore 
affects soil bulk density. Textures with well-graded
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particle-size distributions result in smaller particles
filling the pore spaces between large particles, and
porosity is decreased. The dry bulk density can be as high
3 3as 1.6 Mg/m in sandy soils, and as low as 1.1 Mg/m in
densely packed loams and in clay soils (Hillel, 1982).
Porosity, an index of the relative pore volume of a
soil, is defined as a volumetric ratio:
where f is the volumetric fraction of porosity, is the
sample pore volume, and is the total sample volume
(Hillel, 1982). Coarse-textured soils tend to have larger 
pore sizes and less total porosity than fine-textured soils 
(Hillel, 1982). In addition, porosity varies as clays 
shrink or swell, and as soils crack, aggregate, disperse, 
or compact (Hillel, 1982). In theory, the volumetric 
porosity should equal the areal porosity (in cross- 
section), and the lineal porosity (along a straight line); 
the volumetric porosity defines the space available for 
water flow in soils (Hillel, 1982).
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The amount of water in soils, or gravimetric water 
content, is expressed as a mass ratio:
w = w
where w is the mass wetness, is the sample water mass,
and Mg is the sample solid mass. Water content is
determined by measuring the sample weight loss upon oven 
drying at a temperature of 105* Celsius.
Infiltration
The soil infiltration rate is defined as the volume 
flux of water flowing into the profile per unit of soil 
surface area (Hillel, 1982). The infiltration rate is a 
function of both the hydraulic conductivity and the 
hydraulic gradient prevailing at the surface zone of the 
soil; the hydraulic gradient may be affected by conditions 
throughout the soil profile (Childs, 1969).
Water in the unsaturated zone is held in tension 
(negative pressure) by capillary forces that are the result 
of a combination of adsorption and surface tension (Hillel, 
1982). Water under unsaturated conditions, therefore.
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always has a negative head, also called matric potential, 
and flow proceeds along the water potential gradient from 
areas of higher to lower total head or matric potential 
(Hillel, 1982).
Matric potential and hydraulic conductivity are 
directly related to moisture content by a curvilinear 
function; these interrelationships are unique for any set 
of soil physical conditions and wetting and drying history 
(Childs, 1940). The graphs of matric potential versus 
water content, hydraulic conductivity versus water content, 
and matric potential versus hydraulic conductivity are 
called the characteristic curves for a soil.
The relationships among matric potential, moisture 
content, and hydraulic conductivity can be determined by 
direct measurement of matric potential and hydraulic 
conductivity for various degrees of saturation (Hillel, 
1982). Procedures for such measurements require 
sophisticated and sensitive instrumentation, and are time- 
consuming. However, a knowledge of the moisture- 
characteristic relationships is required for the 
application of the classical theory of soil-water movement.
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Statistical Relationships of Soil Physical Properties to
Infiltration
The physical characteristics of soil that relate to 
infiltration have been discussed from a qualitative 
perspective (for example, Childs, 1969). Recent work 
suggests that certain aspects of unsaturated soil 
hydraulics may be predicted theoretically (Arya and Paris, 
1981); statistical analyses have been used to identify 
which soil properties are important in describing the 
observed variation in characteristic curves. Regression 
equations have been used to predict the moisture content at 
specified values of matric potential using, properties such 
as bulk density, texture, and organic matter content (Gosh, 
1980; Gupta and Larson, 1979 ; Rawls and Brakensiek, 1982).
The variability of the parameters of infiltration 
equations with respect to soil physical properties has been 
investigated. Campbell (1985) provides a detailed 
explanation of soil-moisture parameters and infiltration 
equations. Brakensiek and others (1981) examined the 
distribution of these parameters in textural classes 
defined on the U.S. Department of Agriculture (USDA) soil 
textural triangle. Statistical results showing the 
distributions of the parameters in all textural classes 
were reported and correlated within textural classes.
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McCuen and others (1981) established that the infiltration 
equation parameters differ significantly across textural 
classes. Tabulated statistics of the individual parameters 
for each class provided a useful approximation to the 
hydraulic behavior of the soils, however, these statistics 
were not used to discern critical parameter 
interrelationships.
Cosby and others (1984) observed that of the physical 
soil descriptors, texture variability was most closely 
related to the variability in the soil moisture parameters. 
They found that texture can account for most if not all of 
the discernable patterns in the individual parameters.
It is noted that these results, derived from a large, 
diverse set of soil samples, should be indicative of a 
valid pattern of variability in the hydraulic parameters. 
However, these earlier studies were conducted on soils with 
little or no rock fragment content.
The effects of rock fragments on unsaturated flow in 
soils are difficult to study because most methods require 
undisturbed soil samples of regular dimensions for 
laboratory testing. Rock fragments impede the excavation 
of holes with controlled geometry and the recovery of 
representative samples.
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Unsaturated flow in soils with rock fragments has 
been studied by repacking stoney soil samples to duplicate 
original bulk density (Dunn and M e h u y s , 1984). Hydraulic 
conductivity, as a function of matric potential, was 
observed to be similar, with or without the rock fragments, 
because instruments that measure matric potential were 
embedded in the soil fraction of the sample. Hydraulic 
conductivity, as a function of volumetric water content, 
was higher for a given water content when rock fragments 
were present, because hydraulic conductivity increases as 
soil pores fill with w ater, and the rock fragments absorbed 
little or no w a t e r . Dunn and others (1984) concluded that 
a simple correction of water content and area available for 
flow, based on the volume ratio of rock fragments to total 
soil, would be sufficient, in most cases, to account for 
the presence of rock fragments. In a study of saturated 
hydraulic conductivity, Brakensiek et al. (1986), found 
that this correction could also be applied using rock 
fragment content on a weight basis; gravimetric rock 
fragment content is easier to measure and these 
measurements are more extensively published.
Rock fragments, when found in layers, can act as a 
capillary barrier in the field. This can cause increased
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water contents at the surface (a type of ponding) and 
restrict infiltration (Flint and Childs, 1984b).
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METHODS
Soils were classified using a four-part general 
procedure. Geomorphic deposits were identified and a 
preliminary map was made assuming that geomorphic position 
(slope, aspect, and relative location on slope) and 
dominant erosional, transport and depositional processes 
control the physical properties of the s o i l .
Representative samples were obtained from each of the 
mapped geomorphic soil u nits, and physical properties of 
the soil samples were measured, including texture and bulk 
density. Statistical me t h o d s , including correlation, 
linear regression, analysis of variance, and multiple 
comparison tests were then applied to determine significant 
differences in physical properties among geomorphic map 
units, and to determine trends in physical properties with 
slope, slope position and aspect. Statistical computations 
were performed on a Prime 9955 super-mini computer with P- 
STAT 8 software (P-STAT, Inc., 1986). Finally, the 
preliminary map units were combined, on the basis of 
observed patterns in the data, and a Genesis-Lithology- 
Qualifier (GLQ) map was produced to show statistically 
distinct differences in mean physical properties among 
mapped soil u n i t s .
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Preliminary Geomorphic Mapping and Sampling
A dry wash containing soils which are representative 
of the upland area of Yucca Mountain was selected as the 
field area for mapping and sampling (Fig. 2). By field 
inspection and study of aerial photographs, this wash was 
found to include soil deposits that are geomorphically 
similar to those found in most other washes on Yucca 
Mountain.
The field area was divided into soil map units on the 
basis of landform (ridge tops, ridge crest, fault scarp, 
colluvial slope), dominant depositional process 
(pedogenesis, creep, flow), and a visual determination of 
cover materials (texture). Preliminary geomorphic map 
units were further differentiated on the basis of aspect, 
relative slope, estimated soil thickness (to bedrock), and 
bedrock lithology (tuff units). The resulting map provided 
a preliminary basis for sampling and classification.
Sampling proceded in three phases : trench sampling, 
surficial sampling, and hand-dug pit sampling. Four 
trenches extending the length of the slopes were cut to 
bedrock. Two trenches were cut on north-facing slopes, and 
two were cut on south-facing slopes (Plate 1.). Nuclear- 
gauge bulk-density and moisture-content tests were 
performed at each trench sample station, and irregular-hole
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bulk-density samples were taken at selected trench sample 
stations. Depth to bedrock and generalized soil horizons 
were measured at each trench sample station. Moisture tin 
samples were taken from each major soil horizon at each 
trench sample station for determination of fine-soil 
texture.
The preliminary geomorphic map was used to design a 
program of stratified sampling (Gregory, 1978). Sample 
stations were assigned to the mapped soil units for 
adequate statistical representation. Sample station 
locations were chosen to avoid obstacles (boulders, 
outcrops, shrubs), and to provide statistical 
representation of all slope positions in each mapped soil 
unit. Surface rock fragment cover was estimated by cobble- 
count methods, and a large (nominal 20-kilogram) soil 
sample was collected for textural analysis at each of these 
sample stations. Nuclear-gauge bulk-density and moisture- 
content tests were also performed at each of these sample 
stations, and an irregular-hole bulk-density sampler was 
used at selected stations.
Pits were hand-dug at selected locations to sample 
subhorizons in mapped soil units not transected by the 
trenches. Sample collection proceeded as for trench 
sampling.
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Slope steepness, aspect, and slope position were 
measured at all sample stations and used in the geomorphic 
analysis. Steepness and aspect were measured at each 
sample location on the topographic base map. Slope 
position was measured from the topographic map as both a 
vertical and horizontal proportion. A line through the 
sample location was positioned normal to contours, and the 
horizontal distances from top of slope to the sample 
location and from top of slope to base of slope were 
scaled. The ratio of former distance to the latter 
distance was calculated and converted to percent. The 
ratio of vertical distances was found by counting contours 
and was also converted to percent. Using each method, the 
top of the slope is represented by zero percent, and the 
base of the slope is represented by 100 percent. Each 
method gives a different result for each sample location 
(except top and base of slope) because of slope curvature, 
and both methods were used and evaluated for relationships 
with soil physical properties.
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Measurement of Soil Physical Properties
Texture
At the stratified-sample stations, a one-meter square 
frame with a ten-centimeter grid was used to estimate the 
percent of the soil surface where rock fragments greater 
than 75-millimeters in diameter were exposed. The 
estimates were made using the grid as a counting guide.
Soil samples (nominal 20-kg) were taken from the top 
0.1-meter of the soil profile at each of the stratified 
sample stations, and grain-size distributions from 75- to 
0.005-millimeters were measured by seive and hydrometer 
methods. Smaller soil samples, including moisture-tin 
subhorizon samples and irregular-hole bulk-density samples 
were analysed from 2.0- to 0.005-millimeters. The seive 
analyses were performed according to U.S Bureau of 
Reclamation (USSR) procedure 5325-86 (preliminary), and 
hydrometer analyses according to USER procedure 5330-86 
(preliminary) (Appendix I).
Sand, silt and clay fractions were calculated from 
the gradation analyses. The ranges of grain-sizes for 
sand, silt and clay were 2- to 0.05-millimeters, 0.05- to 
0.005 millimeters, and <0.005-millimeters, respectively. 
These size ranges conform to the USDA classes for fine
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earth except for the silt-clay limit (USDA-SCS, 1981). The 
smallest grain-size measurement available in the gradation 
analyses was 0.005-millimeters.
Geometric mean and geometric standard deviation were 
calculated from the gradation analyses data ranging from 
0.005- to 2.0-millimeters. Geometric statistics are more 
appropriate than arithmetic statistics because the measured 
grain-sizes vary greatly in magnitude and because the 
measured grain-sizes approximate a geometric progression. 
The geometric standard deviation may also be used to 
express the degree of sorting of a soil sample (Shirazi and 
Boersma, 1984).
Bulk Density
Three different devices were used to measure soil 
bulk density: nuclear gauge, sand-cone irregular-hole bulk- 
density sampler, and a bead-cone irregular-hole bulk- 
density sampler. Two or three of these devices were used 
at selected sample stations to provide a basis for 
statistical comparison of the methods.
The nuclear gauge was operated in accordance with 
ASTM standard D 2922-81, method B: direct transmission 
(ASTM, 1984). In the direct-transmission method, a planar 
surface is prepared, and the radiation source is inserted
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to a minimum depth of 2-inches in a hole prepared in the 
soil. Radiation is transmitted directly through the soil 
to the detector on the surface.
Sand-cone sampling was performed in accordance with 
ASTM standard D 1556-82 (ASTM, 1984). The in-place density 
of sampled soil is determined by measuring the mass of 
free-flowing sand of a known bulk density required to fill 
the cavity where the sample was taken. The sample volume 
is calculated from the mass and bulk density of the sand, 
and the dry-sample mass is divided by that volume to obtain 
the sample dry bulk-density.
The bead-cone irregular-hole bulk-density sampler was 
designed for use on steep slopes and in skeletal soils 
(Flint and Childs, 1984a). Compared to the standard sand- 
cone device, larger sample volumes can be taken, including 
larger rock fragments, and sloping reservoir bases allow 
greater accuracy on steep slopes. This method is also 
simpler than the sand-cone device because the volume of the 
sample cavity is directly measured by a scale mounted on a 
clear plastic reservoir with lightweight epoxy spheres 
(instead of sand).
Rock-fragment bulk density, porosity, and particle 
density were determined using ASTM standard test methods. 
Properties of rock fragments from 2- to 4.75-millimeters
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were determined in accordance with ASTM standard D 854-83 
(A S T M f 1984). Larger rock fragments were analyzed in 
accordance with ASTM standard C 97-83 (ASTM, 1984). The 
latter method was varied by determining the volume of the 
saturated sample by weighing the container of water with 
the sample at rest in the container and with the sample 
suspended in the w a t e r . The sample volume is equal to the 




Data gathered in the field area show a high degree of 
variability that is caused probably by complex geomorphic 
process/response systems. Colluvial deposits dominate the 
moderately- to steeply-sloped areas, and are associated 
closely with earth flows and debris flows. By comparison, 
soil development and illuviation are generally more 
pronounced in areas of gentle slopes. Well-developed 
caliche is also observed in earth flow and colluvial 
deposits on steep slopes in low positions.
However, few paired variables show a close 
correlation, and distributions of soil variables are often 
not distinct among geomorphic-deposit types. The 
classification scheme developed in the following sections 
is the result of a broad interpretation of basic physical 
properties and related geomorphic controls.
Soil Bulk Density Measurement
The high rock-fragment content of Yucca Mountain 
soils and rugged topography complicate the measurement of 
soil bulk density. Sample volume is important in skeletal 
soils because the sample must be large enough to be 
representative of conditions in the surrounding soil (Avery
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and Bascomb, 1974). Large rock fragments impede the 
excavation of small holes with controlled geometry, and 
small samples can not include large rock fragments.
A nuclear density gauge and two irregular-hole bulk- 
density samplers were used and the results were compared. 
The data sets used in the linear regressions were obtained 
by applying the three methods at the same sample locations 
(Figs. 3, 4 and 5) . The results indicate data scatter and 
poor correlation coefficients, and show that there is poor 
agreement among the three methods.
A comparison between the bead-cone and sand-cone 
irregular-hole bulk-density samplers (Fig. 3) shows that 
bead-cone results are consistently higher due to the larger 
sample volumes that include larger rock fragments. Many 
sand-cone tests failed because large rock fragments blocked 
the opening in the sand-cone base; therefore, sampling was 
impossible. Sand-cone tests which were completed 
successfully occurred.in soil with smaller and/or fewer 
rocks. By comparison, most of the bead-cone tests were 
completed successfully because large rock fragments could 
be taken through the base of the apparatus. These larger 
samples are probably more representative of each soil map 
u ni t .
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Figure 5. Sand cone - nuclear gauge linear regression
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those of the bead cone (Fig. 4). This may also be due to a 
smaller effective sample volume, but the nuclear gauge is 
affected by several other uncontrolled factors : 1) soil- 
chemical composition; 2) sample heterogeniety; 3) surface
texture of the test material; and 4) spatial bias (ASTM, 
1984).
The best correlation is between sand-cone and 
nuclear-guage results (Fig. 5). However, the nuclear-gauge 
results have a much narrower range (between 1.30- and 1.58-
3Mg/m ). The spatial bias of the nuclear gauge toward the 
top few inches of the soil may cause this narrow range. By 
comparison, the sand-cone samples may include more rocks 
and possibly more variable fine-soil densities at greater 
depths.
The scatter in the data comparisons (Figs. 3 and 4) 
show the heterogeniety of skeletal soils ; therefore, the 
nuclear-gauge method is not recommended for studying Yucca 
Mountain soils. The bead-cone irregular-hole bulk density 
sampler may be the most reliable method of bulk density 
measurement for the conditions found at Yucca Mountain due 
to the large sample size and better control of sample-error 
sources. No absolute values of soil density can be 
provided for comparison? however, the bead-cone apparatus
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has been shown to compare well with other bulk-density 
measurement methods in soils where the rock fragment 
content is less than 15 percent (Flint and Childs , 1984a).
Surficial Samples
A statistical summary of soil physical properties and 
geomorphic variables measured from surficial samples taken 
at the field area is given (Table 3). The coefficient of 
variation (standard deviation divided by the mean, in 
percent) is given as a way of comparing the standard 
deviation, or scatter, among variables of different 
magnitude. The low and high values for each variable show 
the range in values, and n denotes the number of 
measurements taken for each variable.
The fine-soil texture of surficial samples is 
dominated by sand (mean: 60.8%), and the highest silt and 
clay contents (38.1% and 27.1%, respectively) are lower 
than the lowest sand content (43.5%). Clay content is far 
more variable than that of silt or sand, with coefficients 
of variation of 36-, 20-, and 9-percent, respectively. The 
soil samples are gap-graded. Virtually all of the 
surficial samples show a bimodal grain-size distribution 
that includes a large mode in the gravel range, and another 
large mode in the fine-sand range (Fig. 6). Volumetric
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C o eff. 
V a r . 
(%) Low High n
Gravel (%) 45.1 9.63 21.4 20.0 6-5.8 104
Sand (%) 60.8 5.38 8.86 43.5 71.6 126
Silt (%) 26.1 5.18 19.9 13.7 38.1 126
Clay (%) 13.2 4.66 35.4 3.0 27.1 126
Geom. Mean Grn. Size (mm) 0.0533 0.0100 18.8 0.031 0.078 126
Geom. Stand. Dev. 5.401 0.720 13.3 3.929 7.470 126
Rock Particle Dens, (g/cc) 2.488 0.0243 0.977 2.450 2.540 32
Rock Porosity (%) 24.6 5.09 20.7 16.6 37.4 32
Rock Bulk Density (g/cc) 1.87 0.113 6.07 1.58 2.06 32
Total Bulk Density (g/cc) 1.56 0.0872 5.57 1.34 1.72 32
Vol. Rock Content (%) 37.7 8.48 22.5 18.5 59.6 33
Soil Bulk Density (g/cc) 1.24 0.0862 6.96 1.12 1.50 33
Cobble Count (%) 15.3 8.29 54.3 1.50 46.0 104
Slope (%) 37.4 11.9 31.8 0.00 70.7 126
Horiz. Position (%) 57.1 26.9 47.1 0.00 95.5 126
Vert. Position (%) 52.6 28.7 54.5 0.00 95.7 126
Nuc. W e t . B.D. (g/cc) 1.42 0.0540 3.79 1.25 1.57 101
N u c . Dry. B.D. (g/cc) 1.40 0.0746 5.31 1.22 1.68 125
Nuc. Water Content (%) 2.69 0.713 26.5 1.02 5.00 101
S. C. Water Content (%) 13.4 2.87 21.4 7.72 20.97 21
S. C. Wet B. 0. (g/cc) 1.66 0.172 10.4 1.33 1.94 21
S. C. Dry B. D. (g/cc) 1.46 0.159 10.9 1.10 1.76 21
Organic Matter (%) 0.947 0.257 27.1 0.39 1.68 32
Complete sample data included in Appendix A 








Geom. Mean Grn. Size (mm) 
Geom. Stand. Dev.
Rock Particle Dens. (g/cc) 
Rock Porosity (%)
Rock Bulk Density (g/cc) 
Total Bulk Density (g/cc) 
Vol. Rock Content (%)





Nuc. Wet. B.D. (g/cc)
Nuc. Dry. B.D. (g/cc)
N u c . Water Content (%)
S. C. Water Content (%)
S. C. Wet B. 0. (g/cc)
S. C. Dry B. 0. (g/cc) 
Organic Matter (%)
Gravimetric gravel content of <75 mm soil.
Gravimetric sand content of <2 mm soil.
Gravimetric silt content of <2 mm soil.
Gravimetric clay content of <2 mm soil.
Geometric mean grain size of <2 mm soil. 
Geometric standard deviation of <2 mm soil 
Rock particle density 2-4.75mm d i a .
Rock porosity 2-4.75mm d i a .
Rock bulk density 2-4.75mm d i a .
Dry bulk density of bead-cone sample. 
Volumetric content >2mm d ia., (bead-cone). 
Fine soil (<2 mm) bulk density (bead-cone) 
Percent surface area with rock fragments 
>75 mm diameter exposed.
Soil surface slope.
Slope position, measured in horizontal. 
Slope position, measured in vertical. 
Nuclear gauge measured wet bulk density. 
Nuclear gauge measured dfy bulk density. 
Nuclear gauge measure^ gravimetric water 
content.
Sand-cone sample gravimetric water content. 
Sand-cone sample wet bulk density.
Sand-cone sample dry bulk density.
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Figure 6. Typical grain-size distribution curve
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rock content is mostly above the limit for skeletal soils 
(35%), and has a high of 59.6%.
Upland soil surfaces at Yucca Mountain are generally 
steep; the mean slope at sample stations is 37.4%, and the 
highest measured slope is 70.7%. Sample station positions 
measured both in the horizontal and vertical average about 
mid-slope (57.1% and 52.6%, respectively), have large 
coefficients of variation (47.1% and 54.5%, respectively), 
and range from the top of slope to near the base of slope 
(95.5% to 95.7%, respectively). These statistics indicate 
that all slope positions are represented.
Organic matter contents are low (0.39% to 1.68%) in 
the study a r e a . Therefore, the hydraulic effect of organic 
matter content is minor, and will be ignored in this study.
Rock-fragment porosity, bulk density, and particle 
density can be important in the determination of soil-water 
retention properties (Flint and Childs, 1984b). Rock- 
fragment properties reported in Table 3 were measured from 
the smallest size fraction (2- to 4.75-millimeters). 
However, that size fraction is also least abundant (Fig.
6), typically, and these properties are different in the 
larger size fractions (Fig 7). Bulk densities of larger 
rock fragments are greater probably because the weathering 
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Figure 7. Rock-fragment bulk densities
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volume. The tuff bedrock in the study area contains pumice 
(Table 2), and as the rock becomes weathered, unconnected 
pores may be breached. This would cause an increase in 
effective porosity and measured particle density, and a 
decrease in bulk density as the rock weathers.
Subsurface Samples
Soil profiles were sampled in trenches and hand-dug 
pits (Plate 1). Soil horizon criteria used in this study 
are generalized according to field-estimated texture, 
cementation, and lithology (Table 4).
Soil properties formed by the vertical movement and 
accumulation of material are termed illuvial (Birkeland, 
1984). Clay illuviation is indicated by a comparison of 
the textures of generalized horizons I and II (Table 5). 
Mean clay content of the subsurface samples is almost twice 
that of the surficial samples, and all of the statistics 
shown in Table 5 are consistent with an increase in clay 
content in horizon II.
Horizons I and II are observed in all trenches and 
pits in the study a r e a . Horizon I is approximately 0.1- to 
0.2-meter thick, and horizon II thickness ranges from 0.4- 
to 0.6-meter.
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Table 4. Generalized soil horizons
Horizon Horizon Description
Horizon I: Lag gravel at surface, gravel and larger rock 
fragments in matrix of sand, silt and clay,.
Horizon II: Gravel and larger rock fragments in matrix of 
clayey-silty s a n d . Calcite coatings on rock 
fragments and calcite lenses in fine soil 
where adjacent to caliche horizon.
Horizon III: Well-cemented caliche with abundant gravel and 
larger rock fragments.
Horizon IV: Bedrock tuff.
Horizon I I I , the caliche layer, is observed in earth- 
flow deposits, and measures as much as 1.1-meters in 
thickness. Although calcite coatings on bedrock and in 
bedrock fractures are ubiquitous, caliche layers were found 
only in earth flow deposits, for example, at the lower 
reaches of trenches A and D.
Total soil thickness (depth to bedrock) measured in 
trenches and pits ranges from 0.1- to 2.4-meters. Measured 
depth to bedrock averages 1.48-meters in the trenches on 
north-facing slopes (trenches A and B, Plate 1), and 0.85- 
meter in trenches on south-facing slopes. The difference 
in total soil thickness may be due to higher moisture 
content, which supports more biologic activity and chemical
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Table 5. Surficial-subsurface texture sample comparison
Coeff. 
Stand. Var.
Var iable Mean Dev. (%) Low High n
Horizon I: 
Sand (%) 60.8 5.38 8.86 43.5 71.6 126
Silt (%) 26.1 5.18 19.9 13.7 38.1 126
Clay (%) 13.2 4.66 35.4 3.0 27.1 126
Geom. Mean Grn. Size (mm) 0.0533 0.0100 18.8 0.031 0.078 126
Geom. Stand. Dev. 5.401 0.720 13.3 3.929 7.470 126
Horizon II:
Sand (%) 54.2 10.9 20.1 27.3 74.3 65
Silt (%) 23.3 5.33 22.9 10.3 39.1 65
Clay (%) 22.5 11.6 51.6 6.14 54.8 65
Geom. Mean Grn. Size (mm) 0.044 0.020 45.5 0.012 0.12 3 65
Geom. Stand. Dev. 6.09 1.52 25.0 3.71 15.2 65
Variable Abbreviation Explanation
Sand (%) Gravimetric sand content of <2 mm soil.
Silt (%) Gravimetric silt content of <2 mm soil.
Clay (%) Gravimetric clay content of <2 ram soil.
Geom. Mean Grn. Size (mm) Geometric mean grain size of <2 mm soil.
Geom. Stand. Dev. Geometric standard deviation of <2 mm soil.
Complete sample data presented in Appendices A and B
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weathering on north-facing soil slopes.
Physical Property-Geomorphic Relationships
Soil-water properties of a soil system are difficult 
to measure; infiltration experiments in skeletal soils are 
especially difficult. Relatively simple test equipment, 
such as the double-ring infiltrometer, may be unworkable or 
results may be unreliable due to rock fragments blocking 
the insertion of the rings or disturbing the soil around 
the rings. More sophisticated experimentsf such as 
simulated rainfall with subsurface instrumentation, are 
complicated and time comsuming. A number of infiltration 
experiments are required due to the variability of skeletal 
soils. All of these considerations increase the importance 
of sampling efficiency.
Geostatistical methods can be used to increase 
sampling efficiency. Cokriging is a particularly useful 
geostatistical method in situations where estimates of a 
difficult-to-measure (or costly) variable are required, few 
measurements are available, and a greater number of 
measurements are available for an auxiliary and correlated 
(r>0.5) random variable. The easy-to-measure auxiliary 
variable can be over-sampled and used to provide improved 
estimates of the difficult-to-measure variable (Yates and
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Warrick, 1987). For example, if sand content and 
infiltration are correlated (r>0.5) and more measurements 
of sand content are made compared to measurements of 
infiltration, a cokriged infiltration map can be 
constructed using the many sand content measurements to 
improve the infiltration estimates. Using these methods, 
the data gathered in this study may be useful in future 
infiltration studies at Yucca Mountain.
Relationships among physical properties and between 
physical properties and geomorphic variables may also be 
useful in refining estimates of physical properties. For 
example, if a physical property of interest is observed to 
be correlated with a more abundantly-measured variable, the 
property of interest could be estimated in areas where only 
the correlated variable has been measured.
Linear correlations were computed for all measured 
physical properties and geomorphic variables. Variables 
that yielded correlation coefficients <-0.4 or >0.4 are 
listed in matrix form (Table 6). Variable labels appear in 
the same order across the top and down the left side of 
Table 6. Intersections of rows and columns with the same 
labels form a diagonal from top left to bottom right; the 
number of measurements (n) of each variable appear in this 
diagonal. All possible intersections of variable pairs
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Table 6. Correlation matrix for selected soil physical 
properties and geomorphic variables
ftVariable Sand Silt Clay GD<2 BD<2 BD^ RV P>2 NM SP VP
Sand 126 -61 -48 80 -26 -9 -5 -1 60 -21 -27 -7
Silt ^ 126 126 -41 -45 -36 -20 -4 11 -48 -7 28 7
Clay 126 126 126 -41 70 43 15 -14 -26 35 -1 0
GM<2 126 126 126 126 -27 -19 -2 9 62 -24 9 4
GD<2 126 126 126 126 126 51 11 -22 10 40 -5 -11
BD<2 33 33 33 33 33 33 49 -16 -33 68 — 36 -55
BDt 32 32 32 32 32 32 32 79 -43 5 2 -32
R
V
33 33 33 33 33 33 32 33 -43 -13 35 11
P>2 32 32 32 32 32 4 4 4 32 22 -42 -20
NM 101 101 101 101 101 11 10 11 31 101 -21 -34
SP 120 120 120 120 120 27 26 27 32 101 126 33
VP 120 120 120 120 120 27 26 27 32 101 126 126
f r's x 100 in upper right triangle, N's in diagonal, contingent N's 
in lower left triangle, 
f t  Sand = gravimetric percentage sand in <2 mm mineral soil.
Silt = gravimetric percentage silt in <2 mm mineral soil,
Clay = gravimetric percentage clay in <2 mm mineral soil,
GM < 2  = geometric mean grain diameter of <2 mm soil,
GD ^ 2  = geometric standard deviation of grain diameter of <2 mm soil,
BD<2 = fine soil bulk density,
BD^ = field bulk density,
= volumetric rock fragment content,
P>2 = Porosity of rock fragments,
NM = moisture content measured by nuclear gauge,
SP = slope of soil surface,
VP = slope position, measured in the vertical.
Complete sample data presented in Appendix A
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appear in both the upper right and lower left triangles 
formed by the n diagonal. The correlation coefficient 
(multiplied by 100) for each variable pair appears in the 
upper right triangle and the contingent n (number of 
variable pairs measured at the same sample stations and 
used in the correlation) for each variable pair appears in 
the lower left triangle.
The correlation coefficient for each variable pair 
(r) is shown instead of the coefficient of determination
(r ) in order to preserve the negative sign in correlations 
of decreasing trend. Correlation coefficients are 
multiplied by 100 to eliminate decimal places and simplify 
the appearance of the matrix.
Most correlations are poor because of the complex 
interrelationships among the measured variables and the 
relatively small sample sizes. For example, fine-soil 
bulk-density ( B D ^ )  correlates best with geometric standard
deviation of less than two-millimeter grain diameters 
(GD< 2 ) (r=0.51). However, fine-soil bulk-density may also
be affected by clay content (r=0.43) and soil-forming 
processes that can not be quantified for correlation 
analyses.
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Several correlations may be descriptive of Yucca 
Mountain soils. For example, sand, silt and clay contents 
show fair correlations because they are directly related as 
percentages of the fine soil fraction. Of these three 
variables, sand and silt show the strongest correlation 
2(r = 0.37). Correlations of clay with sand and silt are 
2weaker (r = 0.23 and 0.17, respectively) because of the 
greater variability of clay content as shown on Table 3. 
Fine-soil geometric standard deviation shows the strongest 
correlation with clay, however, clay content can not be 
predicted, as it is calculated from the grain-size 
distribution.
Moisture content measured by the nuclear gauge shows
2a fair correlation with fine soil bulk density (r = 0.46, 
Table 6); the smaller pore sizes developed by the 
compaction of soils may cause this relationship. However, 
it is noted that sand is correlated negatively and clay is 
correlated positively with fine-soil bulk density, opposite 
of expected trends in which sandy soils are more dense than 
clay soils (Hillel, 1982). Clay soils tend to retain more 
water because of adsorption and smaller pore sizes. Clay 
content at the study area is correlated positively with 
fine-soil bulk density, total bulk density and moisture
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content. These trends may be due to the fact that the 
texture-sample population is sand-dominated (Table 3), and 
clay occupies the interstices between sand grains. An 
increase in clay content would then be consistent with an 
increase in fine-soil bulk density, total-soil bulk 
density, and moisture retention.
Fine-soil bulk-density ( B D ^ ) shows a slight inverse
2relationship with slope position (V P )(r = 0.30, Table 6). 
Although the linear correlation is p o o r , a graph of these 
two variables shows a more consistent and steeper trend in 
the range of about 35- to 90-percent slope position, and 
greater variability at the tops and bottoms of slopes (Fig. 
8). The graph shows a trend of decreasing fine-soil bulk- 
density toward the base of the slopes. One possible 
mechanism causing this trend is the disruption of the soil 
structure by colluvial processes as the soil mass moves 
down the slope. The slopes in the study area are steeper 
in the mid to lower reaches, and the decline in soil bulk 
density is most rapid in these a r e a s .
Total soil bulk-density is related positively to the
2volumetric rock-fragment content (r = 0.62, F i g . 9).
Total bulk density is a function of rock-fragment content, 






















rz =  0.30




400 20 60 80 100
VERTICAL POSITION
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Since the coefficients of variation are 22.5-, 6.1-, and 
7.0-percent, respectively (Table 3), rock-fragment content 
affects strongly the total bulk density of the study area 
soils.
Physical Property Classification
Soil conditions are functions of soil-forming 
processes, such as weathering and translocation of 
materials. In contrast, factors of soil formation define 
the state of the soil system, and include climate, 
organisms, topography, parent material, and time 
(Birkeland, 1984). Soil properties can be predicted from a 
knowledge of the combination of these factors that describe 
a soil system.
In the Yucca Mountain study area, topography is an 
important factor of soil formation; topographic slope and 
aspect determine microclimate (insolation), and geomorphic 
processes (creep, earth flows, debris flows). Given the 
arid climate and low organic matter content (Table 3), 
biologic factors may be less important in soil formation, 
and vegetation may be more important as an indicator of 
soil conditions. Parent material provides the initial 
chemical and physical materials; therefore, bedrock units 
are used to categorize data for statistical analyses. The
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effects of time are relavent to the classification 
presented, in that similar geomorphic deposits may be of 
similar a g e .
The physical property soil classification described 
in the following sections is based on the relationships 
among soil physical properties and geomorphic and geologic 
conditions. It is assumed that if soil physical properties 
are distinctly different in large areas of the field site, 
these differences are due to external controls on soil 
development, including slope steepness, slope aspect, slope 
position, bedrock unit, and depositional process.
Geomorphic Groups
Soil physical property data were grouped and tested 
according to each of the following criteria : preliminary 
geomorphic map unit (15 map units); bedrock unit (4 zones 
of the Tiva Canyon Member, Table 2); slope steepness (0% to 
10%, 10% to 40%, 40% to 70%, and >70%); slope aspect 
(north, east, south, west, and none); and slope position 
(0% to 25%, 25% to 50%, 50% to 75%, and 75% to 100%, top to 
base of slope). Slope steepness and aspect groupings were 
divided according to modal analyses of their frequency 
distributions.
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Analysis of variance (AOV) was performed on the data 
after it was re-grouped according to each of the criteria 
listed a bove. AOV tests the null hypothesis that states 
that group means are equal. AOV can detect significant 
differences among group means ; however, the group means 
that are different can not be specified. In each instance 
where the AOV null hypothesis was rejected, the data set 
was analyzed by the Tukey multiple comparison test to 
identify non-equal group m e a n s . The Tukey multiple 
comparison procedure (also known as the "honestly 
significant difference test" and the "wholly significant 
difference test") uses pairwise comparisons of group means 
and results from the AOV test to examine the differences 
between all possible pairs of group means (Zar, 1984).
Group means are therefore assigned to populations that are 
distinct at a chosen level of confidence.
The Tukey analysis of the grouped data sets often 
yielded ambiguous results by assigning a group mean to more 
than one distinct population. This indicated that the 
Tukey test could not be used to determine accurately the 
statistical sample population origin. The problem of 
ambiguous results indicates that the AOV test is more 
powerful than the multiple comparison test, and that larger 
statistical sample sizes would tend to result in a multiple
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comparison analysis more capable of determining differences 
among group means (Zar, 1984).
The results of Tukey multiple comparison tests at the 
95% confidence level are listed (Table 7). Ambiguous 
results are not included, and, in each test, no more than 
three populations (low, medium and high) are identified.
For example, in the vertical position grouping listed in 
the first section of Table 7 (labeled gravel content), 
gravel content is found to be significantly lower on the 
top 25 percent of slopes, and significantly higher on the 
bottom half of slopes. This means that gravel content 
samples from the top quarter of slopes are assigned to a 
population with a significantly lower mean gravel content, 
and gravel content samples from the bottom half of slopes 
are assigned to a population with a significantly higher 
mean gravel content. Gravel content data from 25- to 50- 
percent vertical positions yielded ambiguous results and 
are not listed. In general, gravel content is higher at 
lower slope positions where there is a greater source area 
and more mass movements resulting in a greater gravel 
content in the soil.
Multiple comparison tests on sand content resulted in 
no ambiguity when grouped by vertical slope position. Sand 
content is lower in the 50- to 75-percent slope position
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Low M e d .
i (%) 
High
Map Unit Ridge Crest 6 31.3
Ridge Tops 8 32.9
Lower NE Facing 8 51.7
Middle West Scarp 6 52.8
Bedrock Unit Caprock 7 29.4
Upper Lithophysal 15 45.9
Slope Percent 0% to 10% 2 29.5
70% to 100% 3 51.2
Vertical 0% to 25% 20 37.6
Position 75% to 100% 35. 47.5
50% to 75% 27 48.1








Group Means (%) 
Low M e d . High
Map Unit Middle West Scarp 6 53.3
Ridge Crest 6 64.9
Slope Percent 40% to 70% 49 58.6
10% to 40% 50 62.3
Aspect West 19 56.9
East 30 62.2
South 18 62.8
Vertical 50% to 75% 27 57.2
Position 75% to 100% 35 61.4
25% to 50% 22 61.5






By : Group N Low
Group Means 
M e d .
i (%) 
High
Map Unit Ridge Crest 6 17.7
Middle West Scarp 6 32.7
Bedrock Unit Caprock 7 17.5
Clinkstone 60 24.8
Slope 10% to 40% 50 22.8
Percent 40% to 70% 49 27.0




Vertical 0% to 25% 20 23.0
Position 75% to 100% 35 24.1
50% to 75% 27 27.6
Clay Content :
Grouped Group Means (%)By : Group N Low Med. High
Map Unit Lower West Scarp 6 10.0
Ridge Tops 8 17.6




Fine Soil Bulk Density :
Grouped Group Means (g/cc)
By: Group N Low M e d . High
Horizontal 50% to 75% 11 1.181
Position 0% to 25% 4 1.300
25% to 50% 8 1.304
Vertical 50% to 75% 6 1.175
Position 0% to 25% 6 1.312
Fine-Soil Grain-Size Geometric Standard Deviation:
Grouped Group Means
By: Group N Low Med. High
Map Unit NE Asp. Earth Flows 7 4.6
Ridge Crest 6 6.3







By: Group N Low
Group Means (%) 
i Med. High
Map Unit Middle West Scarp 6 9.0
Ridge Crest 6 10.8
Upper North Facing 6 10.9
SE Asp. Earth Flows 8 11.0
Eastern NE Facing 8 11.6
Upper NE Facing 8 11.7
Ridge Tops 8 12.1








Map Unit Middle West Scarp 2 17.6
Ridge Crest 2 36.7
Bedrock Unit Upper Cliff 3 23.2
Clinkstone 16 23.7
Upper Lithophyseal 5 27.1
Caprock 2 36.7
Slope Percent 40% to 70% 13 22.4










M e d .
(g/cc)
High
Map Unit Ridge Crest 2 1.60
Middle West Scarp 2 2.04
Bedrock Unit Caprock 2 1.60
Upper Lithophysael 5 1.82
Clinkstone 16 1.89
Upper Cliff 3 1.91
Slope Percent 10% to 40% 19 1.84
40% to 70% 13 1.93
Rock Particle Density:
Grouped Group Means (q/cc)
By: Group N Low M e d . High
Map Unit Lower NE Facing 2 2.46
NE Asp. Earth Flows 2 2.46
S-SE Facing 3 2.47
Ridge Crest 2 2.53






Nuclear gauge Moisture Content :
Grouped
By: Group N Low
Group Means (%) 
Med. High
Map Unit NE Asp. Earth Flows 7 2.05
Ridge Tops 8 3.34
Slope Percent 10% to 40% 50 2.6
70% to 100% 3 2.6
40% to 70% 46 2.7
0% to 10% 2 4.7
Aspect South 18 2.2
North 35 2.9
None 2 4.7
Sand Cone Moisture Content :
Grouped
By: Group N
Group Means (%) 
Low Med. High
Aspect West 4 10.3
North 8 15.2
Complete sample data presented in Appendix A
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group, however, all group means are close to the mean sand 
content for the entire data set (60.8-percent).
Many groups that are in the high category for silt 
content are in the low category for sand content, and, many 
groups that are in the low category for silt content are in 
the high category for sand content. The largest contrast 
in mean silt content is between the ridge crest, where silt 
may be lost by weathering and illuviation, and the middle 
west scarp unit, which is a non-illuviated earth-flow 
deposit (17.7- and 32.2-percent, respectively).
Mean clay content was resolved only among three 
preliminary map units ; ridge tops and lower northeast- 
facing colluvial slopes have distinctly higher clay content 
than the lower west scarp pediment. This may indicate that 
soil on the lower west scarp pediment has been mechanically 
separated from the clay fraction by sheet wash, and the 
other two map units have not been illuviated as extensively 
as the other map unit soils. The high coefficient of 
variation from the total data set of clay contents (35.4- 
percent) was not resolved by any of the other groupings in 
this study.
Slope-position groupings yielded distinct results 
from, fine-soil bulk-density d a t a . With slope position 
measured in both the vertical and horizontal planes, groups
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from the top half of slopes are assigned to a population 
with a higher mean fine-soil bulk-density than that of the 
50- to 75-percent slope position group. The mean fine-soil 
bulk-density is approximately 10-percent higher for the 
upper half of slopes, where disruption of soil structure by 
mass movement is minimal, compared to that of the 50- to 
75-percent group, where slopes are steeper and mass 
movement may be more active. The lowest slope position 
group (75- to 100-percent) yielded ambiguous results in 
both groupings. No relationship is found among other 
groupings of this variable.
The fine-soil geometric standard deviation is found 
to be higher in the stable, low-slope soils of high 
position : the ridge crest, which is mostly underlain by the 
Caprock bedrock unit. In comparison, the northeast aspect 
earth flows and areas underlain by the Clinkstone bedrock 
unit are areas of potentially more active mass movement and 
have lower fine-soil geometric standard deviation. 
Relatively lower silt content in stable, more developed 
soils may account for this difference.
Cobble, count results show a distinctly higher group 
mean for the upper west scarp unit compared to seven other 
preliminary map units. The steep slope, active colluvial 
process, and source of rock fragments at the ridge crest
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favor the higher surficial cobble content of the upper west 
scarp unit.
Rock porosity and bulk density results are shown for 
measurements on the 2- to 4.75-mm size fraction. Rock 
bulk-density results are the inverse of rock-porosity 
results. Slope appears to be the most important 
controlling factor, with a greater degree of weathering 
causing higher rock porosity on shallow slopes. Distinctly 
high rock porosity group means are shown for areas of 
shallow slope, and low group means for areas of steep 
slope. Bedrock lithology may not be an important factor, 
because lithophysic and non-lithophysic bedrock units have 
the same soil-rock porosity classification.
Rock particle density shows a pattern similar to that 
of rock porosity. Slightly higher rock particle density on 
the ridge crest may be due to weathering and the opening of 
pores originally sealed in the welded tuff.
Moisture content measured by the sand cone and 
nuclear gage methods shows slope and aspect controls, with 




A final Genesis-Lithology-Qualif1er (GLQ) map 
consisting of four map units was prepared by combining 
preliminary map units according to similarities based on 
the GLQ mapping system. The method used was a topical 
study in which map units were grouped by similar attributes 
resulting in new groups that have a maximum acceptable 
heterogeneity with respect to the basic GLQ criteria 
(Varnes, 1974). Aggregation of the 15 preliminary map 
units resulted in one residuum uni t , one slide u n i t , one 
colluvial creep u n i t , and one colluvial unit including 
creep and talus deposits (Plate 1).
AOV and Tukey testing of the measured physical 
property data grouped by the four GLQ map units resulted in 
a more complete resolution than the test results on the 15 
preliminary map u n i t s , especially with respect to texture 
variables. Statistical results are tabulated on Plate 1.
In particular, gravel content, silt content, and cobble 
count data are completely resolved into groups of high or 
low means at the 95-percent confidence level for the entire 
study area. The GLQ grouping also resulted in a nearly 
complete statistical resolution of clay content data, with 
the residuum unit assigned to a high mean catagory and 
colluvial units assigned to a low mean category. Slide
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(flow) deposits, which occupy a relatively small total 
area, yielded ambiguous results on mean clay content.
In general, mean gravel content is lower in residuum 
(mean = 33.18%) than in the other three GLQ units. Mean 
sand content is higher in the residuum unit than in the 
colluvial (creep-talus) unit, but the difference is slight 
(4.99%). Mean silt content is lower in the residuum unit 
than all others (5.74- to 7.94-%). The colluvial units 
have lower mean clay contents than the residuum unit 
(2.95%). Mean fine-soil grain-size geometric standard 
devation is slightly higher in the residuum unit than the 
slide and colluvial creep units. Rock fragment (2mm- 
4.75mm) porosity and bulk density show a direct inverse 
relationship, with high porosity and low bulk density in 
the residuum unit, and low porosity and high bulk density 
in the slide unit. Mean cobble count is higher in the 
colluvial creep-talus unit than all others.
All of these physical property distinctions among the 
GLQ map units may affect the hydrologie character and 
infiltration capacity of the map unit soils, however, the 
texture of the fine-soil component may be the most 
important control on hydraulic conductivity. Campbell 
(1985) presents an equation to estimate the saturated
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hydraulic conductivity of a soil using silt and clay 
contents :
Kg = C e x p (-6.9 m c- 3.7 )
3 — 3where C = 4x10 kg s m (best fit from experimental data),
and in and ni are clay and silt mass fractions. Using this c s
predictive equation, and the mean silt and clay mass 
fractions of the fine-soil components of the four GLQ map 
soils, the hydraulic conductivities listed in Table 8 are 
found.
Mean silt and clay contents for the colluvial creep- 
talus deposits yielded the lowest estimated hydraulic 
conductivity. This unit also shows a statistically low 
mean sand content (58.4%), a statistically high mean silt 
content (27.52%), and statistically low mean clay content 
(14.08) (Plate 1). The highest estimated hydraulic 
conductivity is found for the residuum u n i t , which shows a 
statistically high sand content (63.39%), a statistically 
low silt content (19.58), and a statistically high clay 
content (17.03). In the sand-dominated soils at the study 
ar e a , it may be the relative amount of silt that determines 
the extent to which the interstices between sand grains are
ER-3351 68
Table 8. Estimated K-sat for surficial GLQ soils





Cgs-c(cr-ta)(0-0.9) 27.52 14.08 1.93
Sgs-c(fl)(0.2.4) 25.58 14.54 2.00
Cgs-c(cr)(0.3-1.2) 25.32 14.08 2.09
Rsg-c(wp)(0-0.6) 19.58 17.03 2.11
filled, and therefore determines the pore-size distribution 
that ultimately controls hydraulic conductivity.
The estimated hydraulic conductivities, although 
based on statistically distinct textural values, differ by 
insignificant amounts. Therefore, based on these 
estimates, the surficial soils in the study area appear to 
be hydrologically the same. Any contrasts in the 
hydrologie character of the GLQ map unit soils would then 
be dependent on the properties of the lower soil horizons 
in each map unit.
Each of the four GLQ map unit soils is observed to 
have different characteristics in the surface and/or 
subsurface soil horizons. Illuviation is evident in each 
map unit soil, however, the degree of illuviation may vary. 
Descriptions of the soil horizons present in the four GLQ
ER-3351 69
soils are presented in Table 4 and illustrated in Figure 
10.
The most distinctive soil profile is that of the 
slide soil unit. It includes a well-cemented caliche 
horizon adjacent to bedrock. The caliche could act as a 
barrier to infiltration, however, the areal extent of this 
soil unit is small; it may not be important in the overall 
hydrologie character of Yucca Mountain soils. The soil 
horizons of the colluvial creep and creep-talus units are 
similar, except for the statistically higher mean cobble 
count in the creep-talus unit. The .residuum soil unit 
shows a greater degree of illuviation than all other soil 
units. This is consistent with the statistically low means 
in gravel and silt, and statistically high mean sand 
content. The zone of elluviation (horizon II) may 
therefore have a lower hydraulic conductivity because of 






(C R E E P )
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Figure 10. Schematic cross-section of GLQ soils
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CONCLUSIONS AND RECOMMENDATIONS
The soils in the study area are skeletal, with the 
exception of the residual soils on the ridge top s . The 
fine-soil component of the surficial soils are sand- 
dominated, and the clay fraction is far more variable than 
the sand and silt fractions. Surficial soils are gap- 
graded and include large distribution modes in the gravel 
and fine-sand ranges.
Illuviation is evident in most areas, and is more 
pronounced in the residual soils where slopes are gentle. 
The mean clay fraction of the fine-soil component of 
illuviated soil horizons is approximately twice that of the 
surficial soils. A continuous caliche layer was found only 
in earth-flow deposits at slope b a ses. Total soil 
thickness ranges from 0- to 2.4-meters, and averages 74- 
percent thicker on north-facing slopes as compared to 
south-aspect slopes.
The correlation analysis of soil and geomorphic 
variables resulted in generally low correlation 
coefficients; however, several of the correlations may be 
important. For example, moisture content is correlated
2positively with fine-soil bulk density (r = 0.46) and clay
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2content (r = 0.18). In the sand-dominated, fine-soil 
component of the study area soils, the clay fraction fills 
interstices formed by larger soil particles, reduces pore 
sizes, and increases moisture retention. Moisture content, 
which is a simple measurement, may be related to fine-soil 
bulk density, clay content, and pore-size distribution.
A relationship is shown, by correlation and AOV with 
multiple comparison testing, between slope position and 
fine-soil bulk-density. Fine-soil bulk density generally 
decreases toward the base of slope; this relationship may 
be due to the disruption of soil structure by colluvial 
processes on steep slopes and soil-forming processes on 
ridge tops where slopes are more shallow.
Analysis of variance and multiple-comparison testing 
of physical property data shows important patterns in the 
geomorphic distribution of the measured variables. Testing 
of the data grouped by aspect shows distinctly higher silt 
content on south- and east-facing slopes in relation to 
that on north and west aspect slopes. West-facing slopes 
show distinctly lower sand content than east- and south- 
facing slopes. Aspect groupings also show distinctly lower 
moisture content on south-facing slopes as compared to that 
of north-facing slopes. Moisture content is also shown to
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be lower on steep slopes, including the west-facing scarp. 
These patterns may be a result of lower weathering rates on 
the drier south- and west-facing slopes, and/or the 
possible influence of eolian processes on the distribution 
of fine sand.
Slope-position groupings resulted in distinct 
classifications of sand and silt contents and fine-soil 
bulk density. The 50- to 75-percent slope position is 
distinctly lower than the top half in fine-soil bulk 
density and distinctly lower in sand content than all other 
slope-position ranges. In addition, the 50- to 75-percent 
slope position is distinctly higher in silt content than 
all other slope positions. These relationships are 
consistant with higher fine-soil bulk density in well- 
graded soils.
The percent slope grouping shows that the 10- to 40- 
percent slope sample group has distinctly higher sand 
content, lower silt content, and higher rock porosity. 
Although moisture contents are not distinct between these 
sample groups, the total amount of weathering may be 
greater for the 10- to 40-percent group because of 
residence time and moisture differences during times of 
greater precipitation.
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Results from bedrock-unit groups may reflect the 
effects of slope position. Bedrock unit contacts generally 
follow topographic contours, and the lithologies of the 
bedrock units are not greatly different.
Preliminary map-unit groups yielded distinct results 
on more physical property variables than any other 
grouping, however, the distinctions were usually resolved 
on only a few groups, and much of the study area is 
classified in the ambiguous catagory. Upon the aggregation 
of the 15 preliminary map units into four groups of similar 
genesis, retesting resulted in nearly complete resolution 
of textural variables. Because it has been shown that 
texture is the most important physical property related to 
hydrologie characteristics, the final GLQ classification 
may be a valid hydrologie classification of surficial 
soils.
An estimation of saturated hydraulic conductivity 
based on mean silt and clay contents of the four GLQ units 
shows a range of 1.93- to 2.11-cm/hr. The illuviated 
residuum map unit has the highest estimated hydraulic 
conductivity, and the colluvial creep-talus unit has the 
lowest estimate. These estimates are not greatly 
different, however, and the effects of the physical 
properties of the surficial soils on the infiltration
ER-3351 75
capacity of the total soil profile may be small in 
comparison to anticedent moisture conditions and the 
properties of subsurface soil horizons.
A GLQ classification of the soils in the study area 
resulted in four classes : a residuum (weathering profile) 
unit; colluvial (creep) unit; colluvial (creep-talus) unit; 
and a slide (flow) u n i t . With the grouping of surficial 
textural data according to the final GLQ map units, mean 
sand, silt, and clay content are shown to be statistically 
distinct in nearly every comparison among the map unit data 
groups. Despite the textural distinctions of surficial 
soils among the GLQ map u nits, estimated hydraulic 
conductivities of these soils are nearly identical; 
therefore, any hydrologie distinctions among the four GLQ 
soils should be controlled by the soil subhorizons. In 
each GLQ map unit, a characteristic pattern of soil 
horizons is observed. Because of the statistically 
distinct textural data and characteristic horizonation of 
each map unit soil, the GLQ map may be a valid hydrologie 
classification of Yucca Mountain soils.
The results of this study should be useful in future 
hydrologie studies at Yucca Mountain for the purposes of 
minimizing the number of field-scale infiltration 
experiments necessary for hydrologie characterization.
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Infiltration plots could be assigned to each of the four 
GLQ map units, and the results combined with soil physical 
property data by correlation or cokriging to enhance and 
extend the results of "wet" tests. Other soil mapping 
methods, such as the Soil Conservation Service soil survey 
methods, should be evaluated and compared to the GLQ method 
in the context of the geomorphic conditions at Yucca 
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EXPLANATION OF SAMPLE LABELS
Sample Label Explanation
GLQ UNIT Genesis-Lithology-Qualifier map unit 
(see Plate 1).
SAMPLE NUMBER Sample location number (see Plate 2).
STATION Trench sample station: C-5 = trench C, 
station 5 (see Plate 2).
BEDROCK UNIT cks = Clinkstone, cul = Upper Lithophysal 
cue = Upper Cliff, ccr = Caprock
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EXPLANATION OF VARIABLE ABBREVIATIONS
Abbreviation Units Explanation
COBBLE COUNT (%) Percent soil surface >75 mm diameter rock.
GRAVEL (%) Gravimetric gravel content of <75 mm soil.
SAND (%) Gravimetric sand content of <2 mm soil.
SILT (%) Gravimetric silt content of <2 mm soil.
CLAY (%) Gravimetric clay content of <2 mm soil.
LT.2MM.GMGS (mm) Geometric mean grain size of <2 mm soil.
L T .2 M M .GSTDEV Geometric standard deviation of <2 mm soil.
ROCK.PART.DENS (g/cc) Rock particle density 2-4.75mm d i a .
ROCK POROSITY (%) Rock porosity 2-4.75mm dia.
ROCK BULK DENSITY (g/cc) Rock bulk density 2-4.75mm dia.
B C .T O T .BO (g/cc) Dry bulk density of bead-cone sample.
GT.2MM.VF (%) Volumetric content >2mm dia., (bead-cone).
LT.2MM.BD (g/cc) Fine soil (<2 mm) bulk density (bead-cone) .
NUC.WET.BD (g/cc) Nuclear gauge measured wet bulk density.
NUC.DRY.BD (g/cc) Nuclear gauge measured dry bulk density.
NUC.MOIST.PCT (%) Mass water content (nuclear gauge)
SC.MOIST.PCT (%) Sand-cone sample gravimetric water content.
SC.WET.BD (g/cc) Sand-cone sample wet bulk density.
S C .D R Y .BD (g / c c ) Sand-cone sample dry bulk density.
OM (%) Organic matter gravimetric content.
ASPECT Soil surface aspect group
SLOPE.PERCENT (%) Soil surface slope.
V E R T .POSITION (%) Slope position, measured in vertical.
HORIZ.POSITION (%) Slope position, measured in horizontal.
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GLQ UNIT: COLLUVIUM (CREEP)
SAMPLE
GLQ UNIT NUMBER STATION
COLLUV. CREEP) - C-5
COLLUV. CREEP) - D-6
COLLUV. CREEP) - 0-3
COLLUV. CREEP) - A-8
COLLUV. CREEP) - A-l
COLLUV. CREEP) - A- 3
COLLUV. CREEP) - A- 4
COLLUV. CREEP) - A-6
COLLUV. CREEP) - A-7
COLLUV. CREEP) 3 -
COLLUV. CREEP) 6 -
COLLUV. CREEP) 10 010
COLLUV. CREEP) 12 -
COLLUV. CREEP) 26 -
COLLUV. CREEP) 27 -
COLLUV. CREEP) 28 -
COLLUV. CREEP) 29 029
COLLUV. CREEP) 30 030
COLLUV. CREEP) 31 031
COLLUV. CREEP) 32 032
COLLUV. CREEP) 33 -
COLLUV. CREEP) 34 -
COLLUV. CREEP) 35 -
COLLUV. CREEP) 36 -
COLLUV. CREEP) 37 -
COLLUV. CREEP) 38 -
COLLUV. CREEP) 39 -
COLLUV. CREEP) 40 -
COLLUV. CREEP) 44 -
COLLUV. CREEP) 64 -
COLLUV. CREEP) 65 065
COLLUV. CREEP) 66 066
COLLUV. CREEP) 67 067
COLLUV. CREEP) 91 -
COLLUV. CREEP) 94 094
COLLUV. CREEP) 95 -
COLLUV. CREEP) 100 -
COLLUV. CREEP) 103 -
COLLUV. CREEP) 104 -
COBBLE
COUNT GRAVEL SAND SILT
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
18.75 48.08 59.58 23.28
9.50 41.93 62.06 23.34
12.25 43.98 58.71 29.36
15.00 51.44 61.88 24.78
6.75 41.95 60.59 24.59
14.50 34.59 59.74 26.03
9.50 47.85 61.53 22.94
20.25 40.42 70.16 23.14
16.00 36.95 69.78 18.32
1.50 45.53 56.31 29.21
12.00 43.13 53.58 30.25
10.00 54.41 58.77 28.07
14.75 63.37 60.37 27.89
3.75 42.18 60.41 26.33
10.75 46.54 59.58 24.70
7.25 38.81 62.51 26.78
14.00 46.48 64.44 23.47
18.50 40.91 57.65 26.18
12.75 52.47 61.12 23.94
21.00 51.68 56.25 29.06
15.25 48.88 61.80 21.77
13.25 51.05 61.80 24.11
26.25 48.44 63.00 21.48
28.75 46.82 59.79 24.43
12.00 46.79 55.89 29.14
14.50 50.07 57.92 27.45
8.50 46.45 50.24 30.85
14.75 49.10 68.65 21.73
10.00 33.62 63.34 19.48
24.25 62.87 60.65 27.50
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SAMPLE




COLLUV.(CREEP) - A - 8
COLLUV.(CREEP) - A-l
COLLUV.(CREEP) - A - 3
COLLUV.(CREEP) - A - 4
COLLUV.(CREEP) - A — 6







































- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
17.14 0.05 5.29 2.45
14.60 0.05 5.56 -
11.93 0.05 4.30 -
13.34 0.05 4.81 -
14.81 0.05 5.01 -
14.22 0.05 4.89 -
15.53 0.05 5.59 -
6.71 0.08 4.44 2.53
11.90 0.07 5.41 2.51
14.48 0.05 4.69 -
16.18 0.04 4.98 -
13.16 0.05 4.96 -
11.74 0.06 5.77 -
13.26 0.05 4.57 2.48
15.71 0.05 5.79 2.50
10.71 0.06 4.76 -
12.09 0.06 5.04 2.48
16.17 0.05 5.77 -
14.94 0.06 5.82 -
14.69 0.05 5.34 2.48
16.43 0.05 5.83 -
14.09 0.06 5.35 2.49
15.52 0.06 5.83 -
15.78 0.05 5.57 -
14.97 0.05 5.25 -
14.62 0.05 5.31 2.47
18.91 0.04 5.95 -
9.63 0.07 4.24 -
17.17 0.06 6.14 -





GLQ UNIT NUMBER STATION POROSITY DENS BD
COLLUV.(CREEP) - C-5 - - 1.53
COLLUV.(CREEP) - D-6 - - 1.65
COLLUV.(CREEP) - D-3 - - -
COLLUV.(CREEP) - A-8 - - 1.54
COLLUV.(CREEP) - A-l - - 1.69
COLLUV.(CREEP) - A-3 - - -
COLLUV.(CREEP) - A-4 - - 1.62
COLLUV.(CREEP) - A— 6 - - 1.73
COLLUV.(CREEP) - A-7 - - 1.54
COLLUV.(CREEP) 3 - 20.38 1.95 -
COLLUV.(CREEP) 6 - - - -
COLLUV.(CREEP) 10 010 - - 1.56
COLLUV.(CREEP) 12 - - - -
COLLUV.(CREEP) 26 - - - -
COLLUV.(CREEP) 27 - - - -
COLLUV.(CREEP) 28 - - - -
COLLUV.(CREEP) 29 029 32.99 1.69 1.53
COLLUV.(CREEP) 30 . 030 30.87 1.73 1.34
COLLUV.(CREEP) 31 031 - - 1.56
COLLUV.(CREEP) 32 032 - - 1.51
COLLUV.(CREEP) 33 - - - -
COLLUV.(CREEP) 34 - - - -
COLLUV.(CREEP) 35 - 23.15 1.91 -
COLLUV.(CREEP) 36 - 28.16 1.80 -
COLLUV.(CREEP) 37 - - - -
COLLUV.(CREEP) 38 - 26.39 1.83 -
COLLUV.(CREEP) 39 - - - -
COLLUV.(CREEP) 40 - - - -
COLLUV.(CREEP) 44 - 23.77 1.89 -
COLLUV.(CREEP) 64 • — - - -
COLLUV.(CREEP) 65 065 22.50 1.93 1.48
COLLUV.(CREEP) 66 066 - - 1.50
COLLUV.(CREEP) 67 067 - - 1.60
COLLUV.(CREEP) 91 - - - -
COLLUV.(CREEP) 94 094 22.86 1.91 1.61
COLLUV.(CREEP) 95 - - - -
COLLUV.(CREEP) 100 - - - -
COLLUV.(CREEP) 103 - - - -

































COLLUV.(CREEP) - C-5 1.15 — 1.36 —
COLLUV.(CREEP) - D-6 1.17 - 1.47 -
COLLUV.(CREEP) - D-3 - - 1.43 -
COLLUV.(CREEP) - A-8 1.20 - 1.48 -
COLLUV.(CREEP) - A-l 1.40 - 1.44 -
COLLUV.(CREEP) A-3 - - 1.49 -
COLLUV.(CREEP) - A-4 1.27 - 1.27 -
COLLUV.(CREEP) - A-6 1.50 - 1.54 -
COLLUV.(CREEP) - A - 7 1.28 - 1.58 -
COLLUV.(CREEP) 3 - - 1.40 1.36 2.85
COLLUV.(CREEP) 6 - - 1.40 1.37 2.60
COLLUV.(CREEP) 10 010 1.13 1.41 1.37 2.79
COLLUV.(CREEP) 12 - - 1.48 1.45 1.91
COLLUV.(CREEP) 26 - - 1.44 1.42 1.93
COLLUV.(CREEP) 27 - - 1.43 1.40 1.72
COLLUV.(CREEP) 28 - - 1.40 1.36 2.93
COLLUV.(CREEP) 29 029 1.19 1.44 1.40 3.11
COLLUV.(CREEP) 30 030 1.17 1.40 1.37 2.67
COLLUV.(CREEP) 31 031 1.20 1.40 1.36 2.66
COLLUV.(CREEP) 32 032 1.19 1.34 1.30 3.29
COLLUV.(CREEP) 33 - - 1.43 1.40 1.91
COLLUV.(CREEP) 34 - - 1.43 1.41 1.45
COLLUV.(CREEP) 35 - - 1.45 1.42 1.93
COLLUV.(CREEP) 36 - - 1.40 1.36 2.97
COLLUV.(CREEP) 37 - - 1.46 1.41 3.26
COLLUV.(CREEP) 38 - - 1.40 1.37 2.69
COLLUV.(CREEP) 39 - - 1.37 1.34 2.41
COLLUV.(CREEP) 40 - - 1.38 1.39 3.49
COLLUV.(CREEP) 44 - - 1.37 1.34 3.14
COLLUV.(CREEP) 64 - - 1.38 1.35 2.15
COLLUV.(CREEP) 65 065 1.17 1.48 1.45 2.07
COLLUV.(CREEP) 66 066 1.11 1.44 1.41 2.18
COLLUV.(CREEP) 67 067 1.17 1.40 1.36 2.66
COLLUV.(CREEP) 91 - - 1.43 1.39 2.41
COLLUV.(CREEP) 94 094 1.23 1.50 1.47 2.50
COLLUV.(CREEP) 95 - - 1.40 1.36 3.17
COLLUV.(CREEP) 100 - - 1.36 1.32 2.99
COLLUV.(CREEP) 103 - - 1.36 1.32 3.19
COLLUV.(CREEP) 104 - - 1.52 1.49 2.11
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SAMPLE















































10.97 1.77 1.60 0.72
9.75 1.43 1.31 0.60
11.77 1.49 1.33 —
16.46 1.59 1.36 0.66
14.04 1.93 1.69 1.00
14.07 1.63 1.43 -
20.97 1.33 1.10 1.28
12.26 1.52 1.36 0.99
14.50 1.87 1.63 0.97
- - - -
- - - -
- - - 1.68
- - - -
- - - -
- - - -
- - - -
- - - 0.77
- - - 0.94
- - - 0.46
- - - 1.03
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - 0.63
- - - 0.78
- - - 1.16
- - - -
- - - 0.85
- - - -
- - - -
- - - -
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SAMPLE SLOPE VERT HORIZ
GLQ UNIT NUMBER STATION ASPECT PERCENT POSITION POSITION
COLLUV. CREEP) - C-5 SOUTH - - -
COLLUV. CREEP) - D-6 WEST - - -
COLLUV. CREEP) - D-3 WEST - - -
COLLUV. CREEP) - A - 8 EAST 25.00 16.67 28.89
COLLUV. CREEP) - A-l EAST 33.33 28.12 41.18
COLLUV. CREEP) - A-3 EAST 36. 36 33.33 46.15
COLLUV. CREEP) - A-4 NORTH 40.00 41.18 52.34
COLLUV. CREEP) - A-6 NORTH 33.33 38.46 47.89
COLLUV. CREEP) - A - 7 EAST 33.33 37.50 46.15
COLLUV. CREEP) 3 - NORTH 30.29 44.44 53.57
COLLUV. CREEP) 6 - NORTH 32.62 41.18 59.18
COLLUV. CREEP) 10 010 NORTH 33.92 56.25 53.12
COLLUV. CREEP) 12 - EAST 42.40 53.57 57.58
COLLUV. CREEP) 26 - EAST 42.40 53.57 57.58
COLLUV. CREEP) 27 - EAST 42.40 53.57 57.58
COLLUV. CREEP) 28 - EAST 70.67 38.24 53.41
COLLUV. CREEP) 29 029 NORTH 24.94 57.14 71.43
COLLUV. CREEP) 30 030 EAST 22.32 76.47 81.08
COLLUV. CREEP) 31 031 NORTH 33.92 56.25 53.12
COLLUV. CREEP) 32 032 NORTH 33.92 56.25 53.12
COLLUV. CREEP) 33 - NORTH 42.40 33.33 33.33
COLLUV. CREEP) 34 - NORTH 49.88 47.37 45.12
COLLUV. CREEP) 35 - NORTH 37.69 76.47 75.51
COLLUV. CREEP) 36 - NORTH 32.62 41.18 59.18
COLLUV. CREEP) 37 - NORTH 32.62 41.18 59.18
COLLUV. CREEP) 38 - EAST 24.23 68.42 79.37
COLLUV. CREEP) 39 - NORTH 35.33 57.14 69.77
COLLUV. CREEP) 40 - NORTH 28.27 38.10 52.38
COLLUV. CREEP) 44 - SOUTH 40.38 80.00 82.76
COLLUV. CREEP) 64 .- SOUTH 35.33 35.71 50.00
COLLUV. CREEP) 65 065 SOUTH 38.55 47.06 59.09
COLLUV. CREEP) 66 066 SOUTH 38.55 47.06 59.09
COLLUV. CREEP) 67 067 SOUTH 38.55 47.06 59.09
COLLUV. CREEP) 91 - EAST 28.27 22.73 33.33
COLLUV. CREEP) 94 094 NORTH 35.33 31.58 26.98
COLLUV. CREEP) 95 - NORTH 26.78 11.11 19.30
COLLUV. CREEP) 100 - EAST 40.38 8.51 10.00
COLLUV. CREEP) 103 - SOUTH 47.11 50.00 62.50







COLLUV.(CREEP) - C-5 CKS
COLLUV.(CREEP) - D-6 CKS
COLLUV.(CREEP) - D-3 CUL
COLLUV.(CREEP) - A-8 CKS
COLLUV.(CREEP) - A-l CUL
COLLUV.(CREEP) - A - 3 CUL
COLLUV.(CREEP) - A-4 CUL
COLLUV.(CREEP) - A-6 CUL
COLLUV.(CREEP) - A-7 CUL
COLLUV.(CREEP) 3 - CKS
COLLUV.(CREEP) 6 - CKS
COLLUV.(CREEP) 10 010 CKS
COLLUV.(CREEP) 12 - CKS
COLLUV.(CREEP) 26 - CKS
COLLUV.(CREEP) 27 - CKS
COLLUV.(CREEP) 28 - CUL
COLLUV.(CREEP) 29 029 CUL
COLLUV.(CREEP) 30 030 CUL
COLLUV.(CREEP) 31 031 CKS
COLLUV.(CREEP) 32 032 CKS
COLLUV.(CREEP) 33 - CUL
COLLUV.(CREEP) 34 - CUL
COLLUV.(CREEP) 35 - CKS
COLLUV.(CREEP) 36 - CKS
COLLUV.(CREEP) 37 - CKS
COLLUV.(CREEP) 38 - CUL
COLLUV.(CREEP) 39 - CKS
COLLUV.(CREEP) 40 - CKS
COLLUV.(CREEP) 44 - CKS
COLLUV.(CREEP) 64 - CKS
COLLUV.(CREEP) 65 065 CUL
COLLUV.(CREEP) 66 066 CUL
COLLUV.(CREEP) 67 067 CUL
COLLUV.(CREEP) 91 - CUL
COLLUV.(CREEP) 94 094 CUL
COLLUV.(CREEP) 95 - CKS
COLLUV.(CREEP) 100 - CUL
COLLUV.(CREEP) 103 - CUL
COLLUV.(CREEP) 104 - CKS
ER-3351 92
GLQ UNIT: SLIDE (FLOW)
SAMPLE COBBLE
GLQ UNIT NUMBER STATION COUNT GRAVEL SAND SILT
SLIDE (FLOW) - D-12 - - — —
SLIDE (FLOW) - 0-9 - - - -
SLIDE (FLOW) - A-10 - - - -
SLIDE (FLOW) - A-12 - - - -
SLIDE (FLOW) - A-14 - - - -
SLIDE (FLOW) - A-16 - - - -
SLIDE (FLOW) 8 - 21.50 41.62 67.20 22.92
SLIDE (FLOW) 9 - 20.75 43.52 67.64 19.26
SLIDE (FLOW) 11 - 9.00 40.46 68.62 19.35
SLIDE (FLOW) 14 - 9.75 47.93 59.18 26.80
SLIDE (FLOW) 21 - 6.50 50.88 68.02 19.97
SLIDE (FLOW) 22 - 16.75 46.25 68.27 17.78
SLIDE (FLOW) 23 - 21.25 58.91 68.52 17.37
SLIDE (FLOW) 24 - 13.75 52.09 61.50 21.38
SLIDE (FLOW) 25 - 9.25 49.93 50.52 26.91
SLIDE (FLOW) 57 - 17.75 41.62 63.29 18.04
SLIDE (FLOW) 58 - 6.25 45.26 63.15 26.07
SLIDE (FLOW) 59 - 21.00 40.76 62.66 25.19
SLIDE (FLOW) 60 - 14.00 36.45 58.23 24.15
SLIDE (FLOW) 68 - 15.75 44.48 67.44 18.33
SLIDE (FLOW) 69 - 17.25 42.14 57.40 22.17
SLIDE (FLOW) 70 - 12.75 52.06 65.18 20.48
SLIDE (FLOW) 71 - 28.75 56.90 52.13 36.24
SLIDE (FLOW) 73 - 19.50 39.72 63.56 24.77
SLIDE (FLOW) 74 - 6.00 34.65 60.06 28.17
SLIDE (FLOW) 75 - 4.50 42.95 62.60 25.66
SLIDE (FLOW) 80 - 7.75 64.11 58.51 32.01
SLIDE (FLOW) 81 - 7.25 53.43 44.45 37.10
SLIDE (FLOW) 82 - • 6.50 50.69 45.24 38.13
SLIDE (FLOW) 83 - 14.00 58.64 51.62 33.15
SLIDE (FLOW) 84 - 8.75 41.84 60.63 28.71
SLIDE (FLOW) 93 - 8.50 52.65 57.64 28.17
SLIDE (FLOW) 98 - 2.75 43.57 54.46 34.11
SLIDE (FLOW) 99 - 8.75 38.08 49.03 23.84
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SAMPLE LT.2MM LT .2MM
GLQ UNIT NUMBER STATION CLAY GMGS GSTDEV
SLIDE (FLOW) - D-12 - - -
SLIDE (FLOW) - 0-9 - — -
SLIDE (FLOW) - A-10 - - -
SLIDE (FLOW) - A-12 - - -
SLIDE (FLOW) - A-14 - - -
SLIDE (FLOW) - A-16 - - -
SLIDE (FLOW) 8 - 9.87 0.06 3.93
SLIDE (FLOW) 9 - 13.10 0.07 5.44
SLIDE (FLOW) 11 - 12.04 0.07 5.19
SLIDE (FLOW) 14 - 14.02 0.05 5.42
SLIDE (FLOW) 21 - 12.01 0.07 5.45
SLIDE (FLOW) 22 - 13.95 0.07 5.40
SLIDE (FLOW) 23 - 14.11 0.07 5.99
SLIDE (FLOW) 24 - 17.12 0.05 5.84
SLIDE (FLOW) 25 - 22.57 0.04 6.35
SLIDE (FLOW) 57 - 18.67 0.05 5.62
SLIDE (FLOW) 58 - 10.78 0.06 4.24
SLIDE (FLOW) 59 - 12.15 0.06 4.90
SLIDE (FLOW) 60 - 17.62 0.04 5.33
SLIDE (FLOW) 68 - 14.23 0.06 5.37
SLIDE (FLOW) 69 - 20.42 0.04 6.13
SLIDE (FLOW) 70 - 14.34 0.06 5.23
SLIDE (FLOW) 71 - 11.64 0.05 5.03
SLIDE (FLOW) 73 - 11.67 0.05 4.17
SLIDE (FLOW) 74 - 11.77 0.05 4.60
SLIDE (FLOW) 75 - 11.74 0.06 4.68
SLIDE (FLOW) 80 - 9.47 0.06 4.97
SLIDE (FLOW) 81 - 18.45 0.04 5.83
SLIDE (FLOW) 82 - 16.63 0.04 5.43
SLIDE (FLOW) 83 - 15.23 0.05 5.64
SLIDE (FLOW) 84 - 10.66 0.05 4.04
SLIDE (FLOW) 93 - 14.20 0.05 5.12
SLIDE (FLOW) 98 - 11.43 0.04 4.44













ROCK G T .
SAMPLE ROCK BULK BC TOT 2MM
GLQ UNIT NUMBER STATION POROSITY DENS BD VF
SLIDE (FLOW) - D-12 - - 1.54 36.8
SLIDE (FLOW) - 0-9 - - - -
SLIDE (FLOW) - A-10 - - - -
SLIDE (FLOW) - A-12 - - 1.48 33.6
SLIDE (FLOW) - A-14 - - - -
SLIDE (FLOW) - A-16 - - 1.64 46.0
SLIDE (FLOW) 8 - - - - -
SLIDE (FLOW) 9 - 22.47 1.93 - -
SLIDE (FLOW) 11 - 32.05 1.70 - -
SLIDE (FLOW) 14 - - - - -
SLIDE (FLOW) 21 - - - - -
SLIDE (FLOW) 22 - - - - -
SLIDE (FLOW) 23 - - - - -
SLIDE (FLOW) 24 - - - - -
SLIDE (FLOW) 25 - - ■ - - -
SLIDE (FLOW) 57 - - - - -
SLIDE (FLOW) 58 - - - - -
SLIDE (FLOW) 59 - - - - -
SLIDE (FLOW) 60 - - - - -
SLIDE (FLOW) 68 - - - - -
SLIDE (FLOW) 69 - 24.12 1.88 - -
SLIDE (FLOW) 70 - - - - -
SLIDE (FLOW) 71 - - - - - -
SLIDE (FLOW) 73 - 20.19 1.96 - -
SLIDE (FLOW) 74 - 19.52 1.98 - -
SLIDE (FLOW) 75 - - - - -
SLIDE (FLOW) 80 - - - - -
SLIDE (FLOW) 81 - 16.63 2.06 - -
SLIDE (FLOW) 82 - - - - -
SLIDE (FLOW) 83 - - - - -
SLIDE (FLOW) 84 - 18.64 2.02 - -
SLIDE (FLOW) 93 - - - - -
SLIDE (FLOW) 98 - - - - -
SLIDE (FLOW) 99 - 19.68 1.97 - -
ER-3351 95
SAMPLE
GLQ UNIT NUMBER STATION
SLIDE (FLOW) - D-12
SLIDE (FLOW) - D-9
SLIDE (FLOW) - A-10
SLIDE (FLOW) - A-12
SLIDE (FLOW) - A-14
SLIDE (FLOW) - A-16
SLIDE (FLOW) 8 -
SLIDE (FLOW) 9 -
SLIDE (FLOW) 11 -
SLIDE (FLOW) 14 -
SLIDE (FLOW) 21 -
SLIDE (FLOW) 22 -
SLIDE (FLOW) 23 -
SLIDE (FLOW) 24 -
SLIDE (FLOW) 25 -
SLIDE (FLOW) 57 -
SLIDE (FLOW) 58 -
SLIDE (FLOW) 59 -
SLIDE (FLOW) 60 -
SLIDE (FLOW) 68 -
SLIDE (FLOW) 69 -
SLIDE (FLOW) 70 -
SLIDE (FLOW) 71 -
SLIDE (FLOW) 73 -
SLIDE (FLOW) 74 -
SLIDE (FLOW) 75 -
SLIDE (FLOW) 80 -
SLIDE (FLOW) 81 -
SLIDE (FLOW) 82 -
SLIDE (FLOW) 83 -
SLIDE (FLOW) 84 -
SLIDE (FLOW) 93 -
SLIDE (FLOW) 98 -
SLIDE (FLOW) 99 -
NUC
I. 2MM NUC NUC MOIST
BD WET BD DRY BD PCT
1.22 - 1.37 -
- - 1.58 -
- - 1.49 . -
1.16 - 1.57 -
- - 1.41 -
1.25 - 1.52 -
- 1.55 1.52 1.88
- 1.50 1.48 1.71
- 1.45 1.42 1.51
- 1.45 1.41 2.57
- 1.39 1.36 2.07
- 1.40 1.37 2.07
- 1.57 1.55 1.51
- 1.46 1.68 2.10
- 1.41 1.48 2.48
- 1.50 1.46 3.03
- 1.49 1.48 1.02
- 1.43 1.41 1.28
- 1.47 1.44 2.28
- 1.42 1.38 2.56
- 1.40 1.36 3.00
- 1.53 1.50 1.77
- 1.37 1.32 3.50
- 1.43 1.41 1.42
- 1.52 1.49 1.55
- 1.41 1.38 2.20
- 1.49 1.46 1.89
- 1.43 1.39 2.81
- 1.51 1.48 2.35
- 1.48 1.44 2.60
- 1.38 1.35 2.53
- 1.36 1.31 3.23
- 1.34 1.30 2.50












SLIDE (FLOW) - D-12 7.72 1.70 1. 58
SLIDE (FLOW) - 0-9 11.97 1.63 1.45
SLIDE (FLOW) - A-10 14.22 1.57 1.38
SLIDE (FLOW) - A-12 12.62 1.64 1.46
SLIDE (FLOW) - A-14 12.15 1.39 1.24
SLIDE (FLOW) - A-16 - - -
SLIDE (FLOW) 8 - - - -
SLIDE (F LOW) 9 - - - -
SLIDE (FLOW) 11 - - - -
SLIDE (FLOW) 14 - - - -
SLIDE (FLOW) 21 - - - -
SLIDE (FLOW) 22 - - - -
SLIDE (FLOW) 23 - - - -
SLIDE (FLOW) 24 - - - -
SLIDE (FLOW) 25 - - - -
SLIDE (FLOW) 57 - - - -
SLIDE (FLOW) 58 - - - -
SLIDE (FLOW) 59 - - - -
SLIDE (FLOW) 60 - - - -
SLIDE (FLOW) 68 - - - -
SLIDE (FLOW) 69 - - - -
SLIDE (FLOW) 70 - - - - .
SLIDE (FLOW) 71 - - - -
SLIDE (FLOW) 73 - - - -
SLIDE (FLOW) 74 - - - -
SLIDE (FLOW) 75 - - - -
SLIDE (FLOW) 80 - - - -
SLIDE (FLOW) 81 - - - -
SLIDE (FLOW) 82 . - - - -
SLIDE (FLOW) 83 - - - -
SLIDE (FLOW) 84 - - - -
SLIDE (FLOW) 93 - - - -
SLIDE (FLOW) 98 - - - -






SAMPLE SLOPE VERT HORIZ
GLQ UNIT NUMBER STATION ASPECT PERCENT POSITION POSITION
SLIDE (FLOW) - D-12 WEST 15.00 3.85 11.43
SLIDE (FLOW) - 0-9 WEST 40.00 61.11 65.57
SLIDE (FLOW) - A-10 EAST - - -
SLIDE (FLOW) - A-12 EAST 14.29 7.69 10.71
SLIDE (FLOW) - A-14 EAST 33.33 75.00 75.76
SLIDE (FLOW) - A-16 EAST 33.33 95.24 92.11
SLIDE (FLOW) 8 - EAST 36.34 88.24 79.28
SLIDE (FLOW) 9 - SOUTH 33.92 85.11 85.71
SLIDE (FLOW) 11 - SOUTH 42.40 84.62 75.00
SLIDE (FLOW) 14 - WEST 47.11 73.33 66.67
SLIDE (FLOW) 21 - SOUTH 42.40 84.62 75.00
SLIDE (FLOW) 22 - SOUTH 42.40 84.62 75.00
SLIDE (FLOW) 23 - SOUTH 39.91 90.48 78.90
SLIDE (FLOW) 24 - SOUTH 47.11 84.21 75.56
SLIDE (FLOW) 25 - SOUTH 42.40 80.00 77.27
SLIDE (FLOW) 57 - EAST 42.40 89.66 93.58
SLIDE (FLOW) 58 - EAST 28.27 95.71 92.86
SLIDE (FLOW) 59 - SOUTH 33.92 87.88 82.35
SLIDE (FLOW) 60 - SOUTH 33.92 87.50 82.69
SLIDE (FLOW) 68 - SOUTH 28.27 83.33 76.92
SLIDE (FLOW) 69 - SOUTH 28.27 83.33 76.92
SLIDE (FLOW) 70 - SOUTH 28.27 83.33 76.92
SLIDE (FLOW) 71 - EAST 47.11 53.57 71.28
SLIDE (FLOW) 73 - EAST 28.27 95.71 92.86
SLIDE (FLOW) 74 - EAST 28.27 95.71 92.86
SLIDE (FLOW) 75 - EAST 53.00 87.10 83.52
SLIDE (FLOW) 80 - WEST 47.11 73.33 66.67
SLIDE (FLOW) 81 - WEST 47.11 73.33 66.67
SLIDE (FLOW) 82 - WEST 47.11 69.23 63.16
SLIDE (FLOW) 83 - WEST 47.11 57.14 31.03
SLIDE (FLOW) 84 - NORTH 47.11 80.00 72.58
SLIDE (FLOW) 93 — EAST 42.40 53.12 56.52
SLIDE (FLOW) 98 - EAST 40.38 85.71 77.59
SLIDE (FLOW) 99 - EAST 44.63 55.56 50.75
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SAMPLE BEDROCK
GLQ UNIT NUMBER STATION UNIT
SLIDE (FLOW) - D-12 CKS
SLIDE (FLOW) - D-9 CKS
SLIDE (FLOW) - A-10 CKS
SLIDE (FLOW) - A-12 CKS
SLIDE (FLOW) - A-14 CKS
SLIDE (FLOW) - A-16 CKS
SLIDE (FLOW) 8 - CKS
SLIDE (FLOW) 9 - CKS
SLIDE (FLOW) 11 - CKS
SLIDE (FLOW) 14 - -
SLIDE (FLOW) 21 - CKS
SLIDE (FLOW) 22 - CKS
SLIDE (FLOW) 23 - CKS
SLIDE (FLOW) 24 - CKS
SLIDE (FLOW) 25 - CKS
SLIDE (FLOW) 57 - CKS
SLIDE (FLOW) 58 - CKS
SLIDE (FLOW) 59 - CKS
SLIDE (FLOW) 60 - CKS
SLIDE (FLOW) 68 - CKS
SLIDE (FLOW) 69 - CKS
SLIDE (FLOW) 70 - CKS
SLIDE (FLOW) 71 - CKS
SLIDE (FLOW) 73 - CKS
SLIDE (FLOW) 74 - CKS
SLIDE (FLOW) 75 - CKS
SLIDE (FLOW) 80 - -
SLIDE (FLOW) 81 - -
SLIDE (FLOW) 82 - -
SLIDE (FLOW) 83 - -
SLIDE (FLOW) 84 - -
SLIDE (FLOW) 93 - CKS
SLIDE (FLOW) 98 - CKS
SLIDE (FLOW) 99 - CKS
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COUNT GRAVEL SAND SILT
COLLUV. cr-ta) - B-ll - - - -
COLLUV. cr-ta) - B-15 - - -
COLLUV. cr-ta) - B-9 - - - -
COLLUV. cr-ta) 2 - 13.75 42.57 60.12 24.81
COLLUV. cr-ta) 7 - 10 .00 49.90 61.30 23.07
COLLUV. cr-ta) 13 - 46.00 48.64 64.49 25.54
COLLUV. cr-ta) 15 - 10.50 39.19 67.18 22.96
COLLUV. cr-ta) 41 - 15.00 65.78 59.02 24.62
COLLUV. cr-ta) 42 - 24.00 54.55 61.44 23.89
COLLUV. cr-ta) 43 - 24.75 58.42 53.15 23.17
COLLUV. cr-ta) 52 - 36.00 59.31 63.52 25.67
COLLUV. cr-ta) 53 - 29.50 52.03 60.00 24.01
COLLUV. cr-ta) 54 - 35.75 50.89 54.14 23.46
COLLUV. cr-ta) 55 - 24.25 52.72 59.29 25.69
COLLUV. cr-ta) 56 - 13.50 42.79 59.95 26.24
COLLUV. cr-ta) 72 - 26.25 38.64 55.48 28.22
COLLUV. cr-ta) 76 - 14.25 44.82 58.02 31.65
COLLUV. cr-ta) 77 - 14.50 49.40 63.76 29.52
COLLUV. cr-ta) 78 - 27.25 52.52 55.43 34.65
COLLUV. cr-ta) 79 - 24.75 49.80 55.01 31.00
COLLUV. cr-ta) 85 13.75 62.91 63,38 27.72
COLLUV. cr-ta) 86 - 15.50 50.27 61.33 31.23
COLLUV. cr-ta) 87 - 31.75 51.78 57.56 33.11
COLLUV. cr-ta) 88 - 31.75 48.17 61.77 27.42
COLLUV. cr-ta) 89 - 9.25 63.25 57.91 26.37
COLLUV. cr-ta) 90 - 22.00 42.52 55.61 29.95
COLLUV. cr-ta) 92 - 15.50 49.18 49.42 35.85
COLLUV. cr-ta) 96 - 36.00 56.11 56.60 24.04












COLLUV. cr-ta) - B-ll - - - -
COLLUV. cr-ta) - B-15 - - - -
COLLUV. cr-ta) - B-9 - - - -
COLLUV. cr-ta) 2 - 15.08 0.05 5.23 -
COLLUV. cr-ta) 7 - 15.64 0.06 6.00 -
COLLUV. cr-ta) 13 - 9.96 0.06 4.57 -
COLLUV. cr-ta) 15 - 9.87 0.08 5.34 -
COLLUV. cr-ta) 41 - 16.37 0.06 6.83 -
COLLUV. cr-ta) 42 - 14.67 0.06 6.02 -
COLLUV. cr-ta) 43 - 23.68 0.04 7.38 -
COLLUV. cr-ta) 52 - 10.81 0.07 5.23 2.47
COLLUV, cr-ta) 53 - 15.98 0.05 6.12 -
COLLUV. cr-ta) 54 - 22.40 0.04 7.47 -
COLLUV. cr-ta) 55 - 15.02 0.05 5.79 -
COLLUV. cr-ta) 56 - 13.81 0.05 5.13 2.50
COLLUV. cr-ta) 72 - 16.30 0.05 5.08 -
COLLUV. cr-ta) 76 - 10.33 0.05 4.32 -
COLLUV. cr-ta) 77 - 6.72 0.07 4.88 -
COLLUV. cr-ta) 78 - 9.92 0.05 4.38 2.53
COLLUV. cr-ta) 79 - 13.98 0.05 5.68 2.51
COLLUV. cr-ta) 85 - 8.90 0.07 4.63 -
COLLUV. cr-ta) 86 - 7.44 0.06 4.30 2.48
COLLUV. cr-ta) 87 - 9.33 0.06 5.01 . -
COLLUV. cr-ta) 88 - 10.80 0.06 5.08 2.47
COLLUV. cr-ta) 89 - 15.72 0.07 7.24 -
COLLUV. cr-ta) 90 - 14.44 0.05 5.41 -
COLLUV. cr-ta) 92 - 14.74 0.04 5.00 -
COLLUV. cr-ta) 96 - 19.37 0.05 6.46 2.46












COLLUV. cr-ta) - B-ll - - 1.54
COLLUV. cr-ta) - B-15 - - 1.57
COLLUV. cr-ta) - B-9 - - 1.63
COLLUV. cr-ta) 2 - - - -
COLLUV. cr-ta) 7 - - - -
COLLUV. cr-ta) 13 - - - -
COLLUV. cr-ta) 15 - - - -
COLLUV. cr-ta) 41 - - - -
COLLUV. cr-ta) 42 - - - -
COLLUV. cr-ta) 43 - - - -
COLLUV. cr-ta) 52 - 23.60 1.88 -
COLLUV. cr-ta) 53 - - - -
COLLUV. cr-ta) 54 - - - -
COLLUV. cr-ta) 55 - - - -
COLLUV. cr-ta) 56 - 24.27 1.89 -
COLLUV. cr-ta) 72 - - - -
COLLUV. cr-ta) 76 - - - -
COLLUV. cr-ta) 77 - - - -
COLLUV. cr-ta) 78 - 23.62 1.93 -
COLLUV. cr-ta) 79 - 24.96 1.88 -
COLLUV. cr-ta) 85 - - - -
COLLUV. cr-ta) 86 - 23.58 1.90 -
COLLUV. cr-ta) 87 - - - -
COLLUV. cr-ta) 88 - 21.16 1.95 -
COLLUV. cr-ta) 89 - - - -
COLLUV. cr-ta) 90 - - - -
COLLUV. cr-ta) 92 - - - -
COLLUV. cr-ta) 96 - 20.14 1.96 -









SAMPLE LT.2MM NUC NUC MOIST
GLQ UNIT NUMBER STATION BD WET BD DRY BD PCT
COLLUV. cr-ta) - B-ll 1.21 - 1.58 —
COLLUV. cr-ta) - B-15 1.26 - 1.44 -
COLLUV. cr-ta) - B-9 1.28 - 1.43 -
COLLUV. cr-ta) 2 - - 1.38 1.33 3.15
COLLUV. cr-ta) 7 - - 1.40 1.36 2.98
COLLUV. cr-ta) 13 - - 1.34 1.55 2.53
COLLUV. cr-ta) 15 - - 1.42 1.39 2.25
COLLUV. cr-ta) 41 - - 1.43 1.39 3.38
COLLUV. cr-ta) 42 - - 1.45 1.40 3.34
COLLUV. cr-ta) 43 - - 1.32 1.26 5.00
COLLUV. cr-ta) 52 - - 1.42 1.38 2.87
COLLUV. cr-ta) 53 - - 1.48 1.44 2.92
COLLUV. cr-ta) 54 - - 1.42 1.38 3.23
COLLUV. cr-ta) 55 - - 1.44 1.39 3.32
COLLUV. cr-ta) 56 - - 1.38 1.33 3.81
COLLUV. cr-ta) 72 - - 1.37 1.33 3.41
COLLUV. cr-ta) 76 - - - - -
COLLUV. cr-ta) 77 - - - -
COLLUV. cr-ta) 78 - - 1.49 1.47 1.48
COLLUV. cr-ta) 79 - - 1.41 1.38 2.66
COLLUV. cr-ta) 85 - - 1.43 1.39 2.70
COLLUV. cr-ta) 86 - - 1.37 1.33 2.58
COLLUV. cr-ta) 87 - - 1.39 1.34 3.79
COLLUV. cr-ta) 88 - - - - -
COLLUV. cr-ta) 89 - - 1.36 1.33 2.52
COLLUV. cr-ta) 90 - - 1.49 1.46 2.36
COLLUV. cr-ta) 92 - - 1.25 1.22 2.19
COLLUV. cr-ta) 96 - - 1.50 1.45 3.03











COLLUV. cr-ta) -  ' B-ll 15.49 1.87 1.62
COLLUV. cr-ta) - B-15 13.73 1.75 1.54
COLLUV. cr-ta) - B-9 17.05 1.75 1.50
COLLUV. cr-ta) 2 - - - -
COLLUV. cr-ta) 7 - - - -
COLLUV. cr-ta) 13 - - - -
COLLUV. cr-ta) 15 - - - -
COLLUV. cr-ta) 41 - - - -
COLLUV. cr-ta) 42 - - - -
COLLUV. cr-ta) 43 - - - -
COLLUV. cr-ta) 52 - - - -
COLLUV. cr-ta) 53 - - - -
COLLUV. cr-ta) 54 - - - -
COLLUV. cr-ta) 55 - - - -
COLLUV. cr-ta) 56 - - -
COLLUV. cr-ta) 72 - - - -
COLLUV. cr-ta) 76 - - - -
COLLUV. cr-ta) 77 - - - -
COLLUV. cr-ta) 78 - - - -
COLLUV. cr-ta) 79 - - - -
COLLUV. cr-ta) 85 - - - -
COLLUV. cr-ta) 86 - - - -
COLLUV. cr-ta) 87 - - - -
COLLUV. cr-ta) 88 - - - -
COLLUV. cr-ta) 89 - - - -
COLLUV. cr-ta) 90 - - - -
COLLUV. cr-ta) 92 - - - -
COLLUV. cr-ta) 96 - - - -






SAMPLE SLOPE VERT HORIZ
GLQ UNIT NUMBER STATION ASPECT PERCENT POSITION POSITION
COLLUV. cr-ta) - B-ll NORTH 33.33 47.06 57.14
COLLUV. cr-ta) - B-15 NORTH - - -
COLLUV. cr-ta) - B-9 NORTH - - -
COLLUV. cr-ta) 2 - NORTH 47.11 76.92 89.74
COLLUV. cr-ta) 7 - NORTH 42.40 88.24 88.00
COLLUV. cr-ta) 13 - WEST 56.53 33.67 60.22
COLLUV. cr-ta) 15 - WEST 53.00 23.26 9.13
COLLUV. cr-ta) 41 - NORTH 42.40 89.19 92.73
COLLUV. cr-ta) 42 - NORTH 42.40 89.19 92.73
COLLUV. cr-ta) 43 - NORTH 42.40 89.19 92.73
COLLUV. cr-ta) 52 - NORTH 40.38 90.00 93.65
COLLUV. cr-ta) 53 - NORTH 42.40 92.86 95.52
COLLUV. cr-ta) 54 - NORTH 53.00 82.05 91.43
COLLUV. cr-ta) 55 - NORTH 47.11 76.92 89.74
COLLUV. cr-ta) 56 - NORTH 47.11 76.92 89.74
COLLUV. cr-ta) 72 - NORTH 53.00 60.00 67.74
COLLUV. cr-ta) 76 - WEST 53.00 15.33 6.20
COLLUV. cr-ta) 77 - WEST 47.11 13.51 6.20
COLLUV. cr-ta) 78 - WEST 53.00 23.26 9.13
COLLUV. cr-ta) 79 - WEST 53.00 23.26 9.13
COLLUV. cr-ta) 85 - WEST 33.92 51.16 24.35
COLLUV. cr-ta) 86 - WEST 56.53 33.67 60.22
COLLUV. cr-ta) 87 - WEST 56.53 33.67 60.22
COLLUV. cr-ta) 88 - WEST 60.57 41.49 45.59
COLLUV. cr-ta) 89 - WEST 70.67 62.75 70.59
COLLUV. cr-ta) 90 - WEST 70.67 73.47 78.68
COLLUV. cr-ta) 92 - NORTH 42.40 85.00 88.33
COLLUV. cr-ta) 96 - WEST 47.11 59.09 71.70
COLLUV. cr-ta) 97 - WEST 47.11 60.00 79.55
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SAMPLE BEDROCK
GLQ UNIT NUMBER STATION UNIT
COLLUV. cr-ta) - B-ll CKS
COLLUV. cr-ta) - B-15 CKS
COLLUV. cr-ta) - B-9 CKS
COLLUV. cr-ta) 2 - CKS
COLLUV. cr-ta) 7 - CKS
COLLUV. cr-ta) 13 - -
COLLUV. cr-ta) 15 - -
COLLUV. cr-ta) 41 - CKS
COLLUV. cr-ta) 42 - CKS
COLLUV. cr-ta) 43 - CKS
COLLUV. cr-ta) 52 - CKS
COLLUV. cr-ta) 53 - CKS
COLLUV. cr-ta) 54 - CKS
COLLUV. cr-ta) 55 - CKS
COLLUV. cr-ta) 56 - CKS
COLLUV. cr-ta) 72 - CKS
COLLUV. cr-ta) 76 - -
COLLUV. cr-ta) 77 - -
COLLUV. cr-ta) 78 - -
COLLUV. ;cr-ta) 79 - -
COLLUV. cr-ta) 85 - —
COLLUV. cr-ta) 86 - -
COLLUV. cr-ta) 87 - -
COLLUV. cr-ta) 88 - -
COLLUV. cr-ta) 89 - -
COLLUV. cr-ta) 90 - -
COLLUV. cr-ta) 92 - CKS
COLLUV. cr-ta) 96 - CKS
COLLUV. cr-ta) 97 - CKS
ER-3351 106
---------  GLQ UNIT: RESIDUUM
SAMPLE COBBLE
GLQ UNIT NUMBER STATION COUNT GRAVEL SAND SILT
RESIDUUM - 102-1 - - - -
RESIDUUM - 102-2 - - - -
RESIDUUM - 102-3 - - - -
RESIDUUM - C-2 - - - -
RESIDUUM - B-3 - - - -
RESIDUUM - B-5 - - - -
RESIDUUM - B-7 - - - -
RESIDUUM 1 - 9.25 24.47 61.85 18.42
RESIDUUM 4 - 7.50 39.03 52.58 26.77
RESIDUUM 5 - 20.50 23.67 66.11 18.04
RESIDUUM 16 - 11.25 31.69 64.91 20.58
RESIDUUM 17 - 8.25 27.59 61.17 18.81
RESIDUUM 18 - 5.75 29.30 66.46 14.18
RESIDUUM 19 - 12.75 47.18 58.96 20.58
RESIDUUM 20 - 6.00 28.54 71.61 13.70
RESIDUUM 45 - 16.75 35.79 60.71 22.63
RESIDUUM 46 - 23.25 36.67 59.59 16.25
RESIDUUM 47 - 12.75 24.35 62.70 21.70
RESIDUUM 48 - 7.25 25.90 60.76 21.70
RESIDUUM 49 - 9.25 35.15 65.16 21.12
RESIDUUM 50 - 10.50 47.19 65.78. 23.43
RESIDUUM 51 - 16.50 55.51 62.07 22.42
RESIDUUM 61 - 15.25 37.74 66.03 18.23
RESIDUUM 62 - 6.00 31.24 59.75 22.65
RESIDUUM 63 - 1.50 36.53 65.01 19.71
RESIDUUM 101 101 14.00 26.12 69.95 12.72












RESIDUUM - 102-1 - - - -
RESIDUUM - 102-2 - - - -
RESIDUUM - 102-3 - - - -
RESIDUUM - C-2 - - - -
RESIDUUM - B-3 - - - -
RESIDUUM - B-5 - - - -
RESIDUUM - B-7 - - - -
RESIDUUM 1 - 19.73 0.05 6.06 -
RESIDUUM 4 - 20.65 0.04 5.48 -
RESIDUUM 5 - 15.85 0.06 5.76 -
RESIDUUM 16 - 14.51 0.06 5.92 2.53
RESIDUUM 17 - 20.02 0.05 6.51 -
RESIDUUM 18 - 19.37 0.06 6.69 2.54
RESIDUUM 19 - 20.46 0.05 6.98 -
RESIDUUM 20 - 14.69 0.07 5.90 -
RESIDUUM 45 - 16.66 0.05 5.13 -
RESIDUUM 46 - 24.16 0.04 6.33 -
RESIDUUM 47 - 15.60 0.05 5.59 -
RESIDUUM 48 - 17.54 0.05 5.93 -
RESIDUUM 49 - 13.72 0.06 5.38 -
RESIDUUM 50 - 10.79 0.07 5.21 2.52
RESIDUUM 51 - 15.51 0.06 5.54 2.50
RESIDUUM 61 - 15.74 0.06 5.27 2.49
RESIDUUM 62 - 17.60 0.05 5.76 2.46
RESIDUUM 63 - 15.28 0.06 5.75 2.49
RESIDUUM 101 101 17.33 0.06 5.75 -
RESIDUUM 102 - 15.48 0.06 5.59 -
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ROCK GT.
SAMPLE ROCK BULK BC TOT 2MM
GLQ UNIT NUMBER STATION POROSITY DENS BD VF
RESIDUUM - 102-1 - - 1.43 20.9
RESIDUUM - 102-2 - - 1.61 44.3
RESIDUUM - 102-3 - - 1.62 33.2
RESIDUUM - C-2 - - 1.63 43.3
RESIDUUM - B-3 - - 1.62 30.8
RESIDUUM - B-5 - - - -
RESIDUUM - B-7 ~ - - 1.67 48.2
RESIDUUM 1 - - - - -
RESIDUUM 4 - - - - -
RESIDUUM 5 - - - - -
RESIDUUM 16 - 37.44 1.58 - -
RESIDUUM 17 - - - - -
RESIDUUM 18 - 35.93 1.63 - -
RESIDUUM 19 - - - - -
RESIDUUM 20 - - - - -
RESIDUUM 45 - - - -
RESIDUUM 46 - - - - -
RESIDUUM 47 - - - - -
RESIDUUM 48 - - - - -
RESIDUUM 49 - - - - -
RESIDUUM 50 - 32.08 1.71 - -
RESIDUUM 51 - 26.65 1.83 - -
RESIDUUM 61 - 23.92 1.89 - -
RESIDUUM 62 - 23.50 1.89 - -
RESIDUUM 63 - 22.13 1.94 - -
RESIDUUM 101 101 - - 1.45 24.6
RESIDUUM 102 - - - - 32.8
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NUC
SAMPLE LT.2MM NUC NUC MOIST
GLQ UNIT NUMBER STATION BD WET BD DRY BD PCT
RESIDUUM - 102-1 1.25 — 1.30 —
RESIDUUM - 102-2 1.22 - 1.30 -
RESIDUUM - 102-3 1.39 - 1.30 -
RESIDUUM - C-2 1.27 - 1.49 -
RESIDUUM - B-3 1. 41 - 1.32 -
RESIDUUM - B-5 - - 1.40 -
RESIDUUM - B-7 1.26 - 1.48 -
RESIDUUM 1 - - 1.44 1.40 2.29
RESIDUUM 4 - - 1.49 1.42 4.88
RESIDUUM 5 - - 1.43 1.39 3.20
RESIDUUM 16 - - 1.43 1.39 3.34
RESIDUUM 17 - - 1.35 1.31 3.38
RESIDUUM 18 - 1.39 1.35 3.15
RESIDUUM 19 - - 1.41 1.37 3.28
RESIDUUM 20 - - 1.44 1.41 2.56
RESIDUUM 45 - - 1.41 1.37 3.15
RESIDUUM 46 - - 1.39 1.35 3.12
RESIDUUM 47 - - 1.40 1.35 3.60
RESIDUUM 48 - - 1.52 1.46 3.84
RESIDUUM 49 - - 1.40 1.36 2.96
RESIDUUM 50 - - 1.43 1.40 2.75
RESIDUUM 51 - - 1.45 1.41 2.47
RESIDUUM 61 - - 1.36 1.32 2.80
RESIDUUM 62 - - 1.36 1.32 2.77
RESIDUUM 63 - - 1.42 1.38 2.70
RESIDUUM 101 101 1.23 1.42 1.38 2.75
RESIDUUM 102 - 1.29 1.36 - 4.53
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SC
SAMPLE MOIST SC WET SC DRY
GLQ UNIT NUMBER STATION PCT BD BD OM
RESIDUUM — 102-1 - — - 1.10
RESIDUUM - 102-2 - - - 0.96
RESIDUUM - 102-3 - - - 0.89
RESIDUUM - C-2 9.94 1.94 1.76 0.92
RESIDUUM - B-3 15.82 1.59 1.37 1.17
RESIDUUM - B-5 13.01 1.60 1.42 -
RESIDUUM - B-7 13.06 1.79 1.58 1.15
RESIDUUM 1 - - - - -
RESIDUUM 4 - - - - -
RESIDUUM 5 - - - - -
RESIDUUM 16 - - - - -
RESIDUUM 17 - - - - -
RESIDUUM 18 - - - - -
RESIDUUM 19 - - - - -
RESIDUUM 20 - - — ■ - -
RESIDUUM 45 - - - - -
RESIDUUM 46 - - - - -
RESIDUUM 47 - - - - -
RESIDUUM 48 - - - - -
RESIDUUM 49 - - - - -
RESIDUUM 50 - - - - -
RESIDUUM 51 - - - - -
RESIDUUM 61 - - - - -
RESIDUUM 62 - - - - -
RESIDUUM 63 - - - - -
RESIDUUM 101 101 - - - 0.94



























































33.33 85 .00 82.86
40.00 93.33 90.37
22.22 10.34 22.73





















14.13 0 . 0 .




























































SUBSURFACE SOIL TEXTURE DATA
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EXPLANATION OF SAMPLE LABELS
Sample Label Explanat ion
STATION Trench sample station: C-5 = trench C , 
station 5 (see Plate 2).
EXPLANATION OF VARIABLE ABBREVIATIONS
Abbreviation Units Explanation
SAND (%) Gravimetric sand content of-<2 mm soil.
SILT (%> Gravimetric silt content of <2 mm
soil.
CLAY (%) Gravimetric clay content of <2 mm soil.
DG (mm) Geometric mean grain size of <2 mm soil.




























































































ER- 3 3 5 1 1 1 6
STATI ON SAND SILT CLAY DG GSTDEV
B-9 58. 160 23. 331 18. 509 0. 063 7. 273
C-l 46. 196 25. 151 28. 652 0. 028 6. 699
0 2 64. 798 16. 674 18. 528 0 . 049 5. 747
0 3 33. 229 20. 782 45. 989 0. 015 6. 989
0 4 61. 514 19. 288 19. 198 0. 049 6. 179
C- 5A 53. 079 21. 207 25. 714 0. 037 6. 743
C- 5B 68. 931 19. 702 11. 368 0. 067 4. 714
0 6 74. 268 15. 892 9. 840 0. 123 6. 467
D-l 61. 199 14. 351 24. 450 0. 043 6. 239
D-10 55. 603 29. 830 14. 566 0. 048 5. 391
D—11 58. 513 26. 807 14. 680 0. 050 5. 397
D-12 56. 490 28. 743 14. 767 0. 047 5. 269
D-13 70 . 911 21. 022 8. 067 0. 076 4. 452
0-2 71. 715 17. 960 10. 325 0. 070 4. 554
0-3 65. 502 17. 714 16. 783 0. 055 5. 414
0-4 72. 863 18. 170 8. 967 0. 073 4. 688
D-5 65. 457 21. 253 13. 289 0. 065 5. 496
D-6 67. 906 20. 967 11. 128 0. 070 5. 048
D-7 62. 178 21. 599 16. 223 0. 054 5. 702
D-8 66. 236 19. 654 14. 110 0. 063 5. 869
D-9 61. 321 23. 24 1 15. 438 0. 055 5. 630


